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ABSTRACT

The purpose of this report is to provide data, methods, and results qf
preclosure radiological calculations to support salt site evaluations on the
basis of the U.S. Department of Energy (DOE) final siting guideliries ( 10 CFR
Par t 960). The data and methods portion is of sufficient detail to enable a
reader to derive the values used and reported here. The results are presented
for easy comparison with pertinent radiological regulations.

Thk regulations applicable to this discussion are found in 10 CFR Part
60, which defers to 10 CFR Part 20, and in 40 CFR Part 191. The regulations .

cover both offsite radionuclide concentrations and doses. The comparisons
required by the DOE guidelines include 10 CFR Part 20 concentrations and
40 CFR Part 191 doses. To lend further insight into the radiological impacts
of the presence of a high-level nuclear waste repository at a specific loca-
tion, analyses of population doses and accident doses have been included.

All concentrations and doses are found to be well below applicable
standards.

NOTICE TO READER

This document is a revision of the August 1984 report of the same name.
The'eader will notice two major differences in the results presented in the
reports. First, and most important, is the incorporation of disassembly of
spent fuel assemblies as the preferred handling option during the operational
phase. This assumption replaces the earlier "spent fuel damage during trans-
port scenario" as the major contributor to the normal operqtional source term.
Second, the ingestion pathway dose was evaluated differenti'~., Additional
site-specific data were used to refine agricultural parameters used in the
analysis. Also, the population ingestion dose was calculated~l for each crop
type, based on the number of people fed by that particular crop. The earlier
version used agricultural parameters only loosely based on field data, and the
crop type was assumed to affect everyone in the "ssessment area.
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FOREWORD

The National Waste Terminal Storage (NWTS) program was established in
1976 by the U.S. Department of Energy's (DOE) predecessor, the Energy Research
and Development Administration. In September 1983, this program became the
Civilian Radioactive, Waste Management (CRWM) Program. Its purpose is to
develop technology and provide facilities for safe, environmentally acceptable,
permanent disposal of high-level waste (HLW). HLW includes wastes from both
commercial and defense sources, such as spent (used) fuel from nuclear power
reactors, accumulations of wastes from production of nuclear weapons, and
solidified wastes from fuel reprocessing.

The information in this report pertains to the radiological studies of
the Salt Repository Project of the Office of Geologic Repositories in the CRWM

Program.
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1.0 INTRODUCTION

The purpose of this report is to provide data, assessments, and results
of the preclosure radiological calculat~,ons to support salt site evaluations.
The data and assessment portion should b'e of sufficient detail to enable a
reader to derive each number used and reported here. The results portion
should be of sufficient clarity and appropriateness to enable a judgment to be
easily made concerning a repository operation' compliance or noncompliance
with radiological regulations.

The scope of regulations necessarily addressed includes any that pertain
to the release of radioactive material to an unrestricted area during the pre-
closure phase of operation. This scope encompasses both U.S. Nuclear Regula-
tory Commission (NRC) and U.S. Environmental Protection Agency (EPA) preclo-
sure regulations. Title 10, Code of Federal Regulations (CFR), Part 960,
"General Guidelines for the Recommehdation of Sites for the Nuclear Waste
Repositories; Final Siting Guidelines," lists the applicable standards (intro-

„duced in Appendix A):

Any projected radiological exposures of the general public and any
projected releases of radioactive materials to restricted and unre-
stricted areas during repository operation and closure shall meet

'heapplicable requirements set forth in 10 CFR Part 20, 10 CFR
Part 60, and 40 CFR Part 191, Subpart A.

The NRC requirements as stated in 10 CFR Part 20 and 10 CFR Part 60 are
discussed. This entails the calculation of the concentrations of the radionu-
clides released to the environment and how they compare to the standards. The
requirements of the EPA, as" stated in 40 CFR Part 191, which deals with the
limits on radiological exposure of the general public, are discussed. Popula-
tion doses and doses resulting from accidental releases are calculated. These
calculations are not required by the regulations but provide additional
insight into the radiological impacts of a repository in the preclosure phase.
All the appropriate calculations are performed for six sites. The sites
include Deaf Smith County and Swisher County in Texas; Richton Dome and
Cypress Creek Dome in Mississippi; Vacherie Dome in Louisiana; and Davis
Canyon and Lavender Canyon in Utah. For the purposes of this assessment, the
two sites in Utah are treated as the same site and referred to as the Utah
site. It should be noted that occupational radiation exposures are beyond the
scope of this document.

NOTICE TO READER

This document is a revision of the August 1984 report of the same name.
The reader will notice two major differences in the results presented in the
reports. First, and most important, is the incorporation of disassembly of
spent fuel assemblies as the preferred handling option during the operational
phase. This assumption x eplaces the earlier "spent fuel damage during trans-
port scenario" as the major contributor to the normal operational source term.
Second, the ingestion pathway dose was evaluated differently. Additional
site-specific data were used to refine agricultural parameters used in the
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analysis. Also, the population ingestion dose -was calculated for each crop
type, based on the number of people fed by that particular crop. The earlier
version 'used agricultural parameters only loosely based on field data, and the
crop type was assumed to affect everyone in the'ssessment area.



2.0 U.S. NUCLEAR REGULATORY COMMISSION REQUIREMENTS

Title 10, Code of Federal Regulations (CFR), Part 60 sets no new radio-
logical limits, but rather references 10 CFR Part 20. Part 60 states:

The geologic repository operations area shall be designed so that
until permanent cl'osure has been completed, radiation exposure@ and
radiation levels, and releases of radioactive materials to unre-
stricted areas, will at all times be maintained within the limits
specified in Part 20 of this chapter...

'ections20. 105 and 20. 106 of 10 CFR Part 20 contain the U.S. Nuclear
Regulatory Commission's (NRC's) numerical limits for radiation exposures and
releases of radioactive material in unrestricted areas. The former, entitled
"Permissible Levels of„ Radiation in Unrestricted Areas," states:

There may be included in any application for a license or for amend-
ment of a license proposed limits upon levels of radiation in unre-
stricted areas resulting from the applicant's possession or use of

-'radioactive material and oiher sources of radiation. Such applica-
tions should include information as to anticipated average radiation

~'evelsand anticipated occupancy times for each unrestricted area
involved. The Commission will approve the proposed limits if the
applicant demonstrates that the proposed limits are not likely to
cause any individual to receive a dose to the whole body in any
period, of one calendar year in excess of 0.5 rem.

This standard means that the dose to the maximum exposed individual can-
not exceed 0.5 r em (500 mrem). The U.S. Environmental .Protection Agency (EPA)
preclosure limits are more stringent than this.

The NRC standards of concern are those limiting the release of radio-
active material to an unrestricted area during the preclosure phase;
Section 20.106, entitled "Radioactivity in Effluents to Unrestricted Areas,"
states:

A licensee shall not possess, use, or transfer licensed material so
as to release to an unrestricted area radioactive material in con-
centrations which exceed the limits specified in Appendix B,
Table II of this part, except as authorized pursuant to
Section 20.302 or paragraph (b) of this section. For purposes of
this section, concentrations may be averaged over a period not
greater than one year.

The numerical limits included in the referenced table are for maximum
permissible concentrations (MPCs)J!

2. 1 RADIOLOGICAL SOURCE TERMS

The first input into the concentration calculations is the source term.
The source term consists of the list of the specific radionuclides released
and release rates that are expected during construction, operation, and



closure of the repository facifity. Releases during the construction phase
are expected to result from salt excavation activities only. Releases during
the operational phase will result from both salt excavation and waste handling
activities. Appendix B contains a memorandum which documents the origin of
these source terms.

2.1.1 Releases Associated With Salt Excavation

During the excavation of salt from the repository vault, it is expected
that the release of naturally occurring radionuclides contained in the salt
will be enhanced. The main radionuclides of interest here are radon (222Rn)
and thoron (22ORn) and their progeny. The excavation of the salt is expected
to last the 8 years of the construction phase and continue into the 26-year-
long operational phase. Since the emanation of radon and thoron is expected
to occur from the mine and the pile of excavated salt, the release of natural
radionuclides will last 34 years.

When radon and thoron gas emanate from the rock, their decay products
become available for dispersion in the atmosphere. As the radionuclides con-
tinue to decay, the progeny begin to equilibrate with the parents. The magni-
tude of equilibr ium disruption of the radon and thoron progeny is dependent on
the extent to which the parents and progeny remain as components of the same
system. Instead of'calculating a value for the amount of this disruption, it
was assumed that all the decay products weve in a 1:1 equilibrium with the
entire activity of radon and thoron in the salt, i.e., there is no equilibrium
disruption. Although it is recognized that this is not a realistic picture of
the release of the natural radionuclides, the release values generated repre-
sent the largest possible values and, therefore, represent a bounding situa-
tion. Appendix B includes a calculation of the equilibrium distvuption that
would actually be expected during salt excavation. The calculation also shows
that the release values chosen for the analysis do represent bounding values.

The expected release values for the individual radionuclides were,.calcu-
lated as follows: ((

1. The expected total releases of radon and thoron from the mining of
30 million metr ic tons of salt as documented in the final environ-
mental impact statement (FEIS)~1), were used as a base for the
calculation. //

/
2. The activities of radium-226, the precu~.'sor to radon, and

-radium-224, the precursor to thoron, were calculated,. Secular
equilibrium between the:>r adon and thoron and .theiv pr'ecursors was
assumed.

3. The activities of the radon and thoron progeny were then calculated
assuming secular equilibrium with the radium-226 and radium-.,224.
These values comprise the total amount of the radionuclides
released.

Table 2-1 shows the, expected releases from salt excavation. These
releases wil.'i exist during both the construction and operational phases of the



Table 2-1. Salt Excavation Radionuclide Emissions

Radionuclide
Annual Release,

curies (Ci)
Release Rate,

Ci/s

222Rn

218po

214Pb

214Bi

Po

210Pb

210Bi

210po

220Rn

216Po

212Pb

212Bi

212po

208Ti

2.9 x 10-4

2.9 x 10 4

2.9 x 10 4

2.9x 10 4

2.9x 10 4

2.9 x 10-4

2.9 x 10 4

2.9x10 4

2.2x 10"

2.2 x 10-4

2.2 x 10-4

2.2 x 10 ."

1.4 x 10-4

7.8 x 10">

9.2 x 10-12

9 ~ 2 x 1Q-12

9 ~ 2 x 10-12

9.2 x 10 12

9 ~ 2 x 10"12

9.2 x 10-12

9.2 x 10 12

9.2 x 10"12

7.0 x 10"12

7.0 x 10-12

7 ~ 0 x 10"12

7 ~ 0 x 1Q-12

4.4 x 10 12

2.g x 10-12

'~ repository. The release rates listed in the table assumes that the total
release occurs at a continuous rate for the 34 years.

2.1.2 Releases Associated With Waste Handling

During the routine operation of the repository, there is expected to be
releases of radioactive material other than the naturally occurring nuclides.
These releases originate from the disassembly of the spent fuel elements. The
disassembly process consists of removing the end fittings and spacers from the
assembly so that the individual rods may be placed in canisters in a geometri-
cally efficient manner. Based on a study by the Nurlear Assurance Corpora-
tion<2~, a damage rate for fuel cladding during the disassembly operation has
been established. The four radionuclides listed in Table 2-2, 3H, "4C, 85Kr,
and 129I, represent 'the volatile fission gases that will be released in the



Table 2-2. Waste Handling Radionuclide Emissions

Radionuclide
Annual Average
Release, curies

Maximum Annual
Release, curies

3H

14C

85Zr

129I

3,2 x 101

2.6 x 10 1

1.9 x 104

3.2 x 102

5.6 x 101

4.4 x 10""

3.4 x 104

5.6 x 10 2

event of cladding damage. The actual release values were calculated as
follows (see Appendix B):

1. The spent fuel is 6.5 years out-of-reactor.

2. A damage fraction of 0.005 was established. This is based on the
conservative assumption that 1.0 percent of the rods stick within
the assembly. It is also assumed that 50 percent of the stuck rods
are damaged as they are forced out of the assembly.

3. The number of damaged rods that can be expected in 1 year is calcu-
lated by multiplying the number of rods received per year by the
damage fraction. The maximum annual release; used in the MPC„calcu-
lations, is calculated based on the maximum number of rods expected
in 1 year. The average annual release, used in the dose assessment
calculations-., is based on an average annual rod receipt rate.

4. , The amounts released are determined by multiplying the number of
'amaged rods, either maximum or average, by the emission from the

damage of one rod.

The values listed in Table 2-2 are based on the receipt of only spent
fuel as a- waste form. While other designs call for the receipt of vitrified
waste, the assumption of 100 per cent spent fuel as the waste form bounds the
release. This is the case since there are no routine operational releases
associated with precanistered, vitrified wastes because of the absence of the
volatile radionuclides.

2.1.3 Other Releases

Another release that might be expected during the preclosure,phase is
attributed to the damage of rods during the transportation of the fuel to the
repository site. It is expected that as many as six rods'er year could be,
damaged via this scenario. Since the operational source term considers the

6



damage of 6,400 zods per yeaz, this term is considered insignificant and was
not included in the analysis.

Releases of radioactive material may also be attributed to the decommis-
sinning and closure of the repository facility. This zelease is not consid-
ered here because of the absence of a repository decommissioning data base,
but documentation of all previous decommissioning studies indicates that the
radioactivq omissions dbring decommissioning will be faz less than during
operation.<3> For instance, it has been estimated(4) that duz ing the complete
dismantling of a 1,175-megawatt electric (We) pressurized-water reactor, only
85 microcuries ()zCi) of radioactive mater ial would be released to the envi-
ronment. Even thougn there is a difference between a zeactor and a reposi-
tory, the reactor analogy appears to be appropriate to provide an estimate of
the upper bound for potential repository impacts. This is the case since
release values are expected to be much smaller in the case of the repository,
paz tially because there will be less residual mobile contamination at a repos-
itory than at a power z eactor.

2.2 METEOROLOGY

All of the expected releases from repository facilities during the pze-
closuz e phase will be airborne releases. For the purposes of the concentza-
tion and dose calculations, the atmospheric transport and dispersion of the
radionuclides must be modeled. For this modeling to be done for the sites,
site-specific meteorology must be known. Data such as wind speed, Pasquill
stability class frequency, and material release heights are used to calculate
the dispersion characteristics.

(2-1)

The atmospheric dispersion submodel within the computer code DACRIN(5) is
used to model the atmospheric transpor t of the radioactive material. This
code uses the following equation:

exo( h2/2o<2)Q=

muoyaz

where

X = gz ound-level concentration, Ci/m3
Q = radionuclide release rate, Ci/s
u = annual average wind speed, m/s

oy = horizontal dispersion coefficient, m

crz = vertical dispersion coefficient, m

3 ~ 1415~ ~ ~ ~

h = height from which the radionuclide is released, m

Table 2-3 shows the stability class frequency for the areas of con-
cern.(6e7es) Note that in the azeas where there are more than one site (Texas
and Mississippi), the sites are assumed to have similaz meteorology. This
similarity in meteorology is the case since the sites az'e zelatively close to
one another and the meteorological data used are for a major city near the
sites. The stability class with the highest frequency for each of the sites
is one of the inputs in DACRIN. For the case of the Utah site, a stability



Table 2-3. Atmospheric Stability Class Distributions

Stability
Class Texas

Frequency
Utah<a> Mississippi Louisiana

D

0.3

2.0

9.1

68.8

14.7

5.1

0.0

0.0

0.0

0.0

0.0

100.0

1.1

7.9

12.2

20.2

20.0

38.6

1o0

7~0

12.8

P1.4

20.8

37 0

(a) A stability class of F is assumed for the Utah site.

8'



Table 2-4. Caloulated X/Q Values for'ormal Conditions

Distance, m(a~ Texas
X/Q, s/m3

Utah Mississippi Louisiana

Ground Level (0-Meter) Release

240(b>

8,045

24,135

40„225

56, 315

72)405

Maximum

Average

2.75 x 10"4

8.93 x 10 7

2 01 x 10 7

9.62 x 10 8

6.16 x 10 8

4.49 x 10 8

2.75 x 10 4

1.34 x 1o-5

8.51 x 10 6 2.58 x 10 6 2.24 x 10-6

4.63 x 10-6 1,40 x 10-6 'l.22 x 10-6

3.18 x 10 6 9.63 x 10 7 8.36 x 10 7

2.41 x 10 6 7.32 x 10 7 6.35 x 10 7

8.85 x 10 3 2.68 x 10 3 2.33 x 10 3

3.91' 10 4 1.08 x 10 4

61-Meter Release

1.o6 x 1o-4

8.85 x 10 3 2.68 x 10 3 2.33 x 10 3

3.15 x 10 5 9.55 x,10 6 8.29 x 10"6

240(b)

8,O45

24, 135

40,225

56,315

72,405

Maximum

Average

Stability
Class

3.67 x 10 12

7.91 x 10 7

1.93 x 10 7

9.40 x 10 8

6.o6 x 1o-8

4.43 x 10 8

4.32 x 10-6

0.0 0.0 0.0

1.16 x 10 5 3.51 x 10 6 3.05 x 10 6

5.34 x 10 6 1.62 x 10 6 1.41 x 10 6

3.31 x 10 6 1.00 x 10 6 8.70 x 10 7

2.40 x 10 6 7.26 x 10 7 6.31 x 10 7

1.88 x 10-6 5.71

1.30 x 10 5 3.94

x107
/

10 6

4.96 x 10 7

3.43 x 10

4.87 x 10 7 '.86 x 10 6 1.56 x 10 6 1.38 x 10 6

Mean Wind
Speed, m/s

6.1 1.0 3 ~ 3 3.8

(a) Represent midpoints uf five 10-mile-vide annuli.
(b) Site boundary.



class of F and an average annual wind speed of 1 m/s is assumed. These
assumptions represent a worst case for the meteorology and is used since the
meteorology within the canyons is diffiqult to determine without site-specific
data. Table 2-4 shows the other inputs<6~7~8l into DACRIN and the dispersion
(X/Q} values that were calculated by the code for the four areas of interest.
The two release heights shown represent the release heights of the two source
terms. The natural radionuclides are released from ground level, i.e., from
the mine ventilation and the salt pile; and the operational nuclides ar e
released from 61 meters, i.e., from the exhaust stack of the fuel handling
fack~lity.

2.3 MAXIMUM PERMISSIBLE CONCENTRATION ANALYSIS

The phenomenon being characterized in this analysis is the atmospheric
dilution of the radionuclides being released. Applying the dispersion values
to the radionuclide emission rates will enable the calculation of the dilution
and, therefore, the concentrations of the released material at particular
points in the region. Since there are 'two release points, local maximum X/Q
values occur at two different locations. Therefore, the concentrations were
calculated for points between the two maximum points to see where a combined
maximum X/Q existed. For the purposes of this calculation, dispersion values
for the Utah site were used since it can be seen in Table 2-4 that these
values will yield the greatest concentrations. The steps of the calculation
are:

1. An emission rate is established for each radionuclide by dividing
the annual release rate for each nuclide by the number of seconds in
1 year. This is done because the regulations allow for the averag-
ing over the period of 1 year. The maximum annual release values
for the operational source term are used. The resulting emission
values are in micrncuries per second after converting from curies.

2. The emission rate is then multiplied by the X/Q for the distance for
which the calculation is being made. This yields concentrations in
microcuries per cubic centimeter at that distance. The distances
used were 240, 1,000, 2,000, 3,000, 4,000, and 5,000 meters. (The
240- and 5,000-meter distances represent the maximum X/Q points for
the ground level and 61-meter releases, respectively.)

3. The concentrations for each radionuclide are then divided by their
respective MPC values. These concentration-to-MPC ratios are then
summed for every radionuclide. The NRC standard states that the sum
of these ratios must be less than or equal to unity.

Table 2-5 shows the results of this calculation at 5,000 meters. This
point is where the maximum sum of the concentration-to-MPC ratios occurs. The
sum at this point is 0.05. This means that the repository facility combined
releases during the operational phase are only 5 percent of the limit. This
analysis was done only for the operational phase since the releases during
that time ar e always greater than during the construction phase. Table 2-5
also shows that B5Kr is the only radionuclide that approaches the MPC limit.

gi

10



Table 2-5. 10 CFR Part 20 Maximum Permissible
Concentration Comparison

Radionuclide

Sum of
Emission Rate, Concentration,~a~ MPC, Conc-to-MPC

'Ci/s pCi/cm3 pCl/cm3 Ratios

3H

14C

85Kr

129'22Rn

214pb

2148i

210pb

210Bi

210po

220Rn

212pb

2 I ppi

208Ti

1.7

1.4 x 10"2

1.0 x 103

1.7x 103

9.2 x 10 6

9.2x 10 6

9.2 x 10-6

9.2 x 10-6

9.2x 10 6

9.2 x 10 6

7.0 x 10-6

7.0 x 10 6

7.0x 10 6

2.5 x 10-6

Waste Handling

x 10-11

1.9 x 10 13

1.3x 10 8

2.2 x 10 14

Salt Excavation

'1.8 x 10 15

1.8 x 10 "5

1.8 x 10 15

1.8 x 10 15

1.8 x 10

1 ~ 8x10 "5

1.4 x 10-15

1.4 x 10 "5

1.4 x 1O-15

5.5 x 10 15

2x 107

1 x 1O-6

3 x 10 7

2 x 10 14

3 x 1o-9

3 x 10 6

3 x 10 6

x 10-12

2 x 10 10

2 x 10-11

1 x 1o-8

6 x 1O-10

3 x 1O-9

3 x 10 6

1 x 1O-4

2 x 10 7

5 x 10 2

1 x 10 3

6 x 10 7

6 x 1O-10

6 x 1O-10

5 x 10 4

9 x 10-6

9 x 1o-5

1 x 10 7

2 x 10-6

5 x 10 7

2x109
Operational Total = 5 x 102

(a) The X/O values used to calculate the concentrations were:

For 3H, 14C~ 85Kr~ and 129l. 1,3 x 10-11
For all other radionuclides: 2.0 x 10 10 s/cm3.
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Host of the radionuclides sre well below their limits. Note that the radio-
nuclides 218Po, 21IPo, 216Po, and 212Po were excluded from the calculation
because of their short half-lives. It is assumed that they decay before they
reach the unrestricted ares.



3.0 U.S. ENVIRONMENTAL PROTECTION AGENCY REQUIREMENTS

The U.S. Environmental Protection Agency (EPA) preclosure requirements
are documented in 40 CFR Part 191. These standards were developed for appli-
cation to''a high-level nuclear waste repository. Regulation 40 CFR 191.03
states:

Management and storage of spent nuclear fuel or high-level or transuranic
radioactive wastes at all facilities regulated by the Commission op, by
Agreement States shall be conducted in such a manner as to provide"rea-
sonable assurance that the combined annual dose equivalent to any member
of the public in the general environment resulting from: ( 1) discharges
of radioactive material and direct radiation from such management and
storage and (2) all operations covered by Part 190; shall not exceed
25 millirems to the whole body....

It can be seen here that the limit established by the EPA, 25 mrem/yr
to the whole body, is much more stringent than the U.S. Nuclear Regulatory
Commission (NRC) limit of 500 mremlyr to the whole body. Therefore, the
objective of this section is to illustrate the calculations used and how the
results of those calculations compare with the 25-mrem limit. It must be
shown that the dose equivalent resulting from the repository releases are only
a small fraction of the limit, so, when combined with doses from other facili-
ties regulated under 40 CFR Part 190, the limit is not surpassed. Note that
this limit is an annual limit which applies to';the maximum exposed individual.

The calculations involved in the dose assessment concern the evaluation
of exposures through three pathways. These are the ingestion of food that has
been contaminated with radionuclides, submersion in the plume that contains
the radioactive material, and the inhalation of contaminated air. It is
important to establish that the exposure via all three of these pathways is
due to the airborne release of the radionuclides during the preclosure phase.
Therefore, the source terms and meteorological parameters presented in the
earlier maximum permissible concentration (MPC) analysis apply to this
analysis as well.

3. 1 MAXIMUM EXPOSED INDIVIDUAL DOSE ASSESSMENT

3.1.1 Food Ingestion Pathway

One pathway for the exposure of the general public to radiation is
through the ingestion of food that has been contaminaf ~d by radioactive
material. The contamination can occur from the direct deposition of radio-
active material,„ the uptake of the radioactive material through the root
system of the((plant, or the uptake of the material by animals that graze on
plants contaminated with the radionuclides. 'n the case of uptake by animals
once ingested--into their system, the material is transferred to the flesh or

f

the milk of the animal'hich is then co'nsumed by people. To evaluate this
exposure pathway, the types of crops and animals raised in the area of the
site must be known. Agricultural parameters such as growing per iods, storage
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times, acreage, and crop yields must also be known so that the radionuclides
can be properly accounted for in the food chain.

The computer code PABLM(9> has been used to model the ingestion pathway.
PABLM includes a large number of biosphere pathway submodels that are used to
evaluate the transport of radionuclides through terrestrial pathways. The
code is capable of handling 19 ingestion pathways, including vegetable crops,
grains, animal products, seafood, and water. Also, four external exposure
pathways can be assessed, including exposure from field deposition and water
recreation.

For all exposure pathways, radionuclides can b'e specified to be deposited
over an extended period of time and are assumed to be removed from the soil
only by radioactive decay. Leaching from the soil and other removal mechan-
isms which could act to decrease exposure are not taken into account.

PABLM can take into consideration both waterborne radionuclide releases
and airborne releases; the latter is the expected case for the preclosure
operations of the repository. The code uses dispersion parameters, XIQ
values, to calculate the deposition rate of the radionuclides onto the plants
and soil. Plant accumulation factors, built into libraries in the code, are
used to relate the concentrations 'deposited to the concentrations in the
plants. The concentration of nuclides in animal products, such as milk and
meat, depends on the animals'onsumption of contaminated forage and the
radionuclide concentrations in that f'orage. The ultimate exposure to humans
is dependent on the rate at which the contaminated food is ingested and the
radionuclide concentration in the foodstuff at the time of ingestion„ which is
dependent on the radioactive decay during storage of the food.

In calculating the internal dose to an individual, the code can model the
exposure to any of 23 organs and from 100 radionuclides in a mixture. The
organ doses are based on the model documented in International Commission on
Radiological Protection (ICRP) Publication 2("0~ for internally deposited
radionuclides. The 1-year dose or a dose commitment from an extended release
can be calculated. Also, the dose to the maximum exposed individual or the
exposure to a population can be computed.

The external exposure pathways also use the concentration of the
deposited nuclides. Using external dose conversion factors, and time in con-
tact with the external radiation fields, i.e., time spent swimming in con-
taminated water or time working in contaminated fields, the code calculates an
external exposure. In the case of the radionuclides that are of concern
during preclosure, those pathways do not contribute to the overall dose.

The code outputs the dose by organ and radionuclide and by organ and food
type in a tabular form.

Some of the agricultural,; inputs (11,12, 13, 14, 15, 16, 17, 18, 19> into p/j~BLM

for the salt repository sites are shown in Tables 3-1 through 3-5. Note! here
that the Richton and Cypress Creek sites in Mississippi are treated as one
site because the close proximity of „the sites to one another made it impossi-
ble to distinguish any differences in most of the input parameters for tihe two
sites. Where there were differences, the input that would yield the higl>er
dose was used. These inputs were developed as follows:
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Table 3-3+~ Deaf Smith Ingestion Pathways Input Data

Food Type
Acres Grown,

thousand

'r owing
Period,

days

Consumption
Yield Rate, Affected
kg/m2 kg/yr/person Population

Leafy veg.

Other above-
ground veg.

Potatoes

Other root
veg.

Melons

Wheat

Other grain

Milk

Beef

Pork

0,47

0.34

2.91

2.30

0.98

270.9

22. 1

Animal Product,
million kg

22.0

193.2

5.40

90

60

90

90

90

90

90

90

90

90

2.6

1.0

2.4

2 '

0.1

0.3

14.5

11.4

24.6

9.9

7.8

54.0

4.0

111.4

35.2

28.9

217,000

125, 100

217,000

217,000

217,000

217,000

217,000,'l'97,500

217,000

187,000

Poultry 0.31(a) 90

(a) Calculated value, based on 5 percent criterion.

28.6 10,900

/I
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Table 3-2. Swisher Ingestion Pathways Input Data

/'ood

Type

Growing Consumption
Acres Grown, Period, Yield Rate, Affected

thousand days kg/m2 kg/yr/person Population

Leafy veg.

Other above-
ground veg.

Potatoes

Other root
veg.

Melons

Wheat

Other grain

Milk

Beef
h

Pork

Poultry

0.47

4.03

7.63

4.08

1.24

214.0

11.9

Animal Product,
million kg

21.4

177.0

4 '5
0.35(a)

90

60

90

90

90

90

90

90

90

90

2.6

2.4

2.5

1 ~ 2

0.1

0.3

14.5

6.3

24.6

9.9

54.0

4.0

111.4

35.2

28.9

28.6

248,000

248,000

248,000

248,000

248,000

248,000

248,000

19",800

248,000

150,400

12,400

(a) Calculated value, based on 5 percent criterion.
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Table 3-.3. Utah Ingestion Pathways Input Data
~

k'(

Food Type
Acres Grown

thousand

Growing
Period,

days

Consumption
Yield Rate, Affected
kg/m$ kg/yr/person Population

Potatoes

Wheat

Other grain

Milk

Beef

Pork

Poultry

0.12

38.4

9 ~ 77

Animal Product,
million kg

11.8

14.4

0.36

0.003

90

90

90

90

90

90

0.1

0.3

0.9

0.9

0.9

0.9

24.6

54.0

4,0

111.4

35.2

28.9

28.6

16,500

10,765

16,500

16,500

16,500

'2,600 -~

100
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Table 3-4. Mississippi Ingestion Pathways Input Data

Food Type

Growing Consumption
Acres Grown, Period, Yield Rate, Affected

thousand days kg/m2 kg/yr/person Population .

Leafy veg.

Other above-
ground vege

Potatoes

Other root
vego

Melons

Wheat

Milk

Beef

Pork

p,05(a)

p,1p(a)

p.p3(a)

0.56

2.0

7P.4

Animal Product,
million kg

58.1

38-1

78.5

90 1.5(b)

60 0.7(b)

90 4.0(b)

90 1 ~ 1

90 1.0

90 0.2

90 0.4

90 0.4

90 0.4

15,0(b)

15,p(b)

24.6

1.6

5.0

54.0

111.4

35.2

28.9

18,900

18,900 .

18,900

377,000

377,000

377,000

37 ,000

377,000

271,700

(a) Calculated value, based on 5 percent criterion.
(b) Default value.
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Table 3-5. Vacherie Ingestion Pathways Input Data

Food Type

Crowing Consumption
Acres Grown, Period, Yield Rate, Affected

thousand days kg/m2 kg/yr/person Population

Leafy veg.

Other above-
ground veg.

Potatoes

Other root
veg.

Berries

Wheat

Milk

Beef

Pork

Poultry

0.06(a)

0.14

0.22

1.25

0.07

82.9

Animal Product,
million kg

76.1

15.5

1.02

1.31

90 1.5(b)

60 0.9

90 0.9

90 1 ~ 1

90 0.7

90 0.2

90 0.4

90 0.4

90 0.4

90 0.4

15,0(b)

6.6

24.6

1.6

1.2

54.0

111.4

35.2

28.9

28.6

25,300

77,500

32,500

506,000

147,700

506,000

506,000

440,300

35,300

45,900

(a) Calculated value, based on 5 percent criterion.
(b) Default value.
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~ Food type - The types listed here represent the food pathways
available in PABLM that are viable exposure pathways within the
area surrounding the site. For the purposes of the assessment,
this ar'ea was assumed to include the counties within a 50-mi
(80.5-km) radius of the site. Seafood pathways were not consid-
ered since the expected release will be air borne and there are no
significant bodies of water within the 50-mi (80.5-km) radius
area.

~ Acres grown - This parameter represents the amount of area
devoted to growing that food type within the surrounding. area.
It is used in calculating the "affected population." In the
cases where the food type is known to be present in an area but
in acreage too small to be recorded in state agricultural statis-
tics, a "5 percent criterion" was used to calculate an approxi-
mate area. This value represents the acreage that would support
5 percent of the population living in the surrounding area, i.e.,
the area required to grow enough of the crop to suoply the annual
consumption~'needs of that population.

~ Animal product - This value represents the weight of animal
product produced in the area. As witn "acres grown," this value
is used to establish an "affected population value." In some
cases, the 5 percent criterion was applied.

o Growing period - This value represents the time involved from the
time the food is planted to the time it is harvested. This value
is used in the code to model the buildup of radionuclides in the
food chain. However, the radionuclides that are of concern in
this analysis all build up quickly and, therefore, this parameter
is not very significant.

~ Yield - This value represents the yield of the crop and is an
average value for the surrounding area for the food type, as doc-
umented in State statistical reports. The value was determined
by calculating a yield that was weighted by food type component.
For example, the yield for leafy vegetable would be calculated by
multiplying the yields of lettuce, cabbage, spinach, etc., by the
acres of each component and then dividing by the total acreage of
the Eood type. Therefore, if one food type component was more
prevalent, it would be reflected in the yield. In the case of
the animal products, this value repr esents the yield of the
forage, either corn or hay. In some cases, this value was not
available, so a default value that was developed for ear lier
assessments is used.

Consumption rate — The consumption parameters are national aver-
age figures.(~") The values listed in the tables are the sum of
the consumption rates of components of a particular food type.
For example, the melon consumption rate is the sum of the con-
sumption rates of watermelon, honeydew melons, canteloupes, etc.
Again, in some cases, default values are used.
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~ Affected population - This value is determined by multiplying the
area grown, in square meters, by the yield, in kilograms per
square meter, and then dividing by the individual consumption, in
kilograms per year per person. This value then represents the
number of people fed by the food grown. In the case of the
animal products, the quantities listed in the first column of
Tables 3-1 through 3-5 were divided by the appropriate consump-
tions. When the value exceeded ",he number of people living
within the 50-mi (80.5-km) radius of the site, the value was
substituted with the actual population.

Another parameter which is used by PABLM is the dispersion characteris-
tics of the site. The code requires that a )(/Q value be supplied as input.
For this analysis, an average )(/Q value for the surrounding area was chosen.
This value was calculated by integrating the function of )(/Q and distance over
the 50-mi (80.5-km) distance. This calculation assumes that the foodstuffs
are grown uniformly throughout the 50-mi (80.5-km) radius area. These average
values are shown in Table 2-3. Also inputted into the code is the storage
time of the foodstuff after harvest. This parameter allows for radioactive
decay and thus reduces the concentrations in the food. For this analysis, the
storage time is assumed to be zero, i.e., no credit was taken for redioactive
decay.

3.1.2 Submersion and Inhalation Pathways

The remaining two exposure pathways are submersion in the radioactive
effluent plume and inhalation of contaminated air. Analysis of both of these
pathways depends on the concentration of the radionuclides in the air. Again,
the atmospheric dispersion characteristics of the sites are necessar y to eval-
uate the exposure. These X/Q values are then applied to specific dose factors
and release quantities to determine the dose. Both annual doses and dose com-
mitments from releases over an extended period of time may be calculated.

The inhalation dose was calculated as follows:

1. The maximum )(/Q values were established for the sites. The maximum
value yields the greatest dose. This assumes that the maximum
exposed individual is at the point of maximum deposition at all
times.

2. The )(/Q, in seconds per cubic meter, is multiplied by the annual
release rate, in curies per year . This establishes a concentration
value.

3. The concentration value is then multiplied by an inhalation rate of
20 m3 of air per day.(20) This results in the quantity of radionu-
elide intake for 1 year.

4. The intake value is multiplied by an inhalation dose conversion fac-
tor.(2") The dose factor, with units of millirem per microcurie,
calculates a 50-year dose commitment from an annual release. When
reporting the results, this value is documented as the annual dose,
even though using the 50-year dose commitment over estimates the
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annual dose. Multiplying by the length of time for the release
establishes the 50-year dose commitment for the entire re).ease. The
dose factors are shown in Table 3-6.

5. Unit conversion factors are applied to get the inhalation dose in
units of millirem per year for the annual dose and millirem for the
dose commitment.

The submersion dose is. calculated in the same manner as discussed for the
inhalation pathway. In the submersion dose calculation however, the inhala-
tion rate is excluded from the calculation. Also, specific submersion dose
factors(22) are used. These factors, with units of millirem per year per
microcurie per cubic centimeter, can be seen in Table 3-7.

A simple code was developed to aid in the calculation of inhalation and
submersion dose. ISDOSE (Inhalation'nd Submersion DOSE) will calculate
annual dose equivalents and 50-year dose commitments for both maximum exposed
individual and population dose cases. The code contains the dose conversion
factors in libraries for all of the radionuclides that are of concern to the
analysis. The program simultaneously calculates the exposure from both of the
pathways using the method discussed previously and outputs the results in a
tabular form by pathway and radionuclide.

3.2 RESULTS

To evaluate the exposure results, the dose equivalents from the three
pathways must be added. Since the PABLM output contains the dose to specific
organs, while the submersion and inhalation doses are for the whole body, a
method outlined by the ICRP(23) is used to manipulate the PABLM output to
establish a whole body dose. The technique is taken from the following:

For stochastic effects the Commission's recommended dose limitation is
based on the principle that the risk should be equal whether the body is
irradiated uniformly or whether there is nonuniform irridation.

This condition will be met if:
)WTHT ~ Hwb,L

where WT is a weighting factor representing the portion of the stochastic
risk resulting from tissue (T) to the total risk, when the whole body is
irradiated uniformly, HT is the annual dose equivalent in tissue (T),
Hwb L is the recommended annual dose equivalent limit for uniform
irradiation of the whole body.

The values of WT recommended by the Commission are shown below:

Tissue WT

Gonads
Breasts
Red bone marrow
Lung

0.25
0.15
0.12
0.12
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Table 3-6. Inhalation Dose Conversion Factors<21)

Radionuclide
Dose Factor,(a)

mrem/NCi Radionuclide
Dose Factor,<a)

mrem/pCi

3H (HTO)

14C

54~

6oco

85Kr

90sr

90'5Nb

'06Ru

125Te

129I

13"Cs

"37Cs

Ce

154Eu

210Bi

210pb

214pb

6.3x 102

2.4 x 10-2

6.3

1.5 x 102

3 1

NA

1.3 x 103

8.1

4.4

4 4 x 102

6.7

1,7 x 102

48x 101

3.2 x 101

3.5 x 102

2.6 x 102

1.9 x 102

1.3 x 1O4

6.7

220Rn

222Rn

238pu

239pu

240pu

241pu

241Am

242cm

244Cm

210po

212Bj

214Bi

208Tu

218po

214po

216po

2 12po

212pb

NA

4.5 x 105

5.2 x 105

5.2 x 1O5

1.0 x 104

5.2 x 105

1.7 x 104

2.7 x 105

7.88 x 103

1.74 x 101

5.92

9.1 x 103

1.91 x 101

0.0

0.0

0.0

1.6 x 102

NA = not applicable.
(a) Converted from Sievert per Becquerel.
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Table 3-7. Submersion Dose Conversion Factors(22)

Radionuclide
Dose Factor,<+>

mrem/yr per gCi/cm3
Dose Factor,(a)

Radionuc1ide mr em/yr per MCi/cm3

3H (HTO)

14C

54~

60Co

63Ni

85Kr

90Sr

90@

95Nb

106Ru

125Te

129Z

134Cs

137cs

144Ce

154Eu

210Bi

210pb

214pb

0.0

2.18 x 105

4.44 x 109

1.31 x 1010

0.0

2.66 x 107

1.07 x 107

7.33 x 107

4.03 x 109

0.0

5.03 x 107

4.29 x 107

8.14 x 109

8.36 x 106

9.44 x 107

6.59 x 109

2.64 x 107

6.85 x 106

1.28 x 109

220Rn

222Rn

238pu

239pu

240pu

241pu

241an

242cm

244cm

210po

2 12Bi

214Bi

208Tu

218po

214po

216po

212po

212pb

2.67 x 106

1.98 x 105

4.7 x 105

4.26 x 105

4.63 x 105

0.0

9.66 x 107

5.25 x 105

4.48 x 105

0.0

8.25 x 109

4.4 x 105

4.48 x 104

7.66 x 104

1.01 z 109

0.0

2.01 x 1010

7.55 x 108

(a) Converted from Sievert per year per Becquerel per cubic centimeter.



Tissue

Thyroid
Bone surfaces
Remainder

WT

0.03
0.03
0.30

For this application, the organs that contributed to the dose are total
body, bone, and thyr oid. We found the total ingestion dose by summing the
products of the weighting factors listed for those organs and the individual
organ doses. The WT for total body is 1.0. The resulting dose is a whole
body dose from the ingestion of contaminated food. Also, since the inputs for
food consumption were average values, the final results were multiplied by
1.5<24~ to take into consideration the fact that the maximum exposed individ-
ual's food intake is above the average value. This value is added to tne dose
equivalent values for the submersion and inhalation pathways. Note that in
the case of the submersion and inhalation doses for operational releases, the
locations of the maximum concentration for the two source terms differ. For
this calculation, it is assumed that they occur at the same, location and the
doses from each of the source terms are added. This assumption helps to bound
the dose values.

Table 3-8 gives the resulting maximum individual doss for each pathway
and the totals for each salt repositoz y site for the two phases. All the
doses are below the EPA limit of 25 mrem. The maximum dose occurring at the
Utah site during operation is 1.8 mrem. Table 3-9 shows the 50-year dose
commitment from the total releases during the construction and operational
phases. No limits exist for comparison with these results. Table 3-10 shows
which radionuclides contribute the most dose for each pathway. 'The percent-
ages given represen't the percent of the total dose contributed by each path-
way. It can be seen from this table that the annual doses are dominated by
inhalation of the natural radionuclides. However, for the 50-year dose com-
iiitments, the ingestion pathway becomes increasingly significant, although
still less significant than the inhalation pathway.
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Table 3-8. Maximum Individual Annual Dose

Site
Exposure Pathway Dose, mrem

Inhalation Submersion Ingestion Total(a)

Deaf Smith

Swisher

Ut&h

Vacherie

Richton

Cypress Creek

Deaf Smith

Swisher

Utah

Vacher ie

Richton

Cypress Creek

3.39 x 10-2

3.39 x 10-2

1.09

287x10"
3 30 x 10-1

3.30 x 10-1

4.45 x 10 2

4.45 x 10 2

1.09

2.87 x 10 "

3 31 x 10-1

3.31 x 10 "

Construction

4.77 x 10 5

4.77 x 10 5

1.53 x 10 5

4.04 x 10 4

4.65 x 10-4

4.65 x 10 4

Operation

6.93 x 10 2

6.93 x 10 2

2.10 x 10

5.54 x 10 2

6.36 x 10 2

6.36 x 10 2

9.8 x 10 3

8 6 x 10 3

1.8x10"
5.7 x 10-2

7 7 x 10-2

7.7 x 10-2

5 5 x 10 2

5.1 x 10-2

52x101
2.0 x 10 1

27x101
2.7 x 10-1

4.4 x 10 2

4.3 x 10-2

1 3

2.4 x 10 1

4.1 x 10 1

4.1x101

1,7 x 10-1

1.6x10 1

1.8

5.4 x 10

6 6 x 10-1

6.6 x 10-1

(a) This is the annual dose from a 1-year exposure to the released
radionuclides.



Table 3-9. Maximum Individual 50-Year Dose Commitment

Site
Exoosure Pathway Dose, mrem

Inhalation Submersion Ingestion Total«>

Deaf Smith

Swisher

Utah

Vacher ie

Richton

Cypress Creek

Deaf Smith

Swisher

Utah

Vacherie

Richton

Cypress Creek

2.71 x 10-1

2.71 x 10

8.72

2.30

2.64

2.64

8.97 x 10-1

8.97 x 10 "

2.84 x 101

7.47

8.59

8.59

Construction

3.81 x 10 4

3.81 x 10 4

1.23 x 10 2

3.23 x 10 3

3.72 x 10 3

3.72 x 10 3

Operation

1.80

1.80

5.45

1.43

1.65

1.65

1.5x10"
1.4 x 10 1

2.8

8.9 x 10 1

2.9

2.8

2.7 x 101

9.9

1.2 x 101

1.2 x 101

4.2x10"
4.1x101
1.2 x 101

3 ~ 2

3 ~ 7

3 '

5.6

5.5

6.1 x 10"

1.9 x 101

2.2 x 101

2.2 x 10"

(a) This is a 50-year dose commitment from exposure to an 8-year release of
radionuclides during construction and a 26-year release of radionuclides
dur ing operation of the repository.
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Table 3-10. Critical Nuclides in Dose Assessment

Inhalation Submersion Ingestion

Annual Dose - Construction

210pb

210po

(86%)

Annual Dose - Operation

210pb

210po

(60%)

212Bj

212po

("0%)

85Kr

(12%)

210pb

210po

(14%)

129I

210pb

(29%)

50-Year Dose Commitment — Construction

210pb

210po

(76%)

2 1 28j

212po

(-0%)

210pb

210po

(24%)

50-Year Dose Commitment — Operation

210pb

210po

(47%)

85Kr

(9%)

129I

2",Opb

(44%)
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4.0 -POPULATION DOSE ASSESSMENT

The U.S. Environmental Protection Agency (EPA) dose equivalent standards
were compared with the projected doses to be delivered by the operation of
preclosure repository facilities.- These standards address only the exposure
of an individual, the maximum exposed individual.. Another dose assessment
must be made to calculate the dose to the population surrounding the site. To
make this calculation, additional dispersion parameters and a demographic
makeup for the area must be developed. After this development, the assessment
is very similar to the analysis made to calculate the maximum individual dose.
An assessment of this type preserts a more complete analysis of the radiologi-
cal impacts on the area from preclosure operations, although it is not
required in the regulations.

The source terms used for this analysis are the same as documented pre-
viously. In the case of the meteorological data, dispersion values were calc-
ulated for 5, 15, 25, 35, and 45 miles from the site. These distances repre-
sent the midpoints of five 10-mile-wide annuli. This calculation allows for
an analysis of the population dose for" persons living within a 50-mile radius
of the site. Also, the frequency with which the wind blows toward a certain
direction was determined. Table 2-4 showed the X/Q values for the distances
of concern.

4.1 DEMOGRAPHY OF SITES

The demography around each site was developed to conform with the meteor-
ological data format. A system of circular grids was designed to map out the
population in the area around each site. The grids are comprised of five
annuli of 10-, 20-, 30-, 40-, and 50-mile radii'ach annulus was then
divided into 16 sections, representing the 16 wind directions for which wind
direction frequencies were obtained. Each of the grids was developed as
follows:

1. A map of the region was developed by plotting data contained within
the cartographic data base available in the SAS computer pro-
'gram.~25~ Then, the circular grids were overlayed on the map with
the centers of the annuli positioned at the site location. These
circular grids then defined the area to be used in the population
dose assessment.

2. The population data~8~ 6~ 7~28~29~ for the assessment areas were
obtained. These data included the population of each of the coun-
ties affected by the assessment, the county area, and the population
o the population centers with more than 500 people.

jt3. The population within each segment of the population grid was deter-
mined. A segment is defined as 1/16 of an annulus. This population
figure was calculated in the following manner:

a. The population of the population centers were substracted for
the county total populations. This established a "rural" popu-
lation value for each county.
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b. The rural population was divided by the county area. This
established a "rural aensity." These rural densities were then
used to develop the site grids.

c. The appropriate rural density to be used to calculate the popu-
lation of a segment was determined. The density was used for
the county that comprised the greatest area within the segment.
The proper density value was then multiplied by the area repre-
sented by the segment of concern. This calculation resulted in
a "rural population" for the segment. This figure was recorded
on the population grids in that segment. fl

d. The population centers within the affected area were then
recorded separately onto the grid as they would appear on a map.

4. Finally, the total population within the affected area was
determined by adding the values within each segment together.

Figures 4-1 through 4-6 show the population diagrams for each of the
sites. From these diagrams, a value for the total population residing within
the 50-mile radius area can be established. These values for the six areas"
are:

Site

Deaf Smith

Swisher

Utah

Vacherie

'Richton

Cypress Creek

Value

217,000

248,000

16,500

506,000

337,000

377,000

4.2 ASSESSMENT

As in the case of assessing the dose to the maximum exposed individual,
three exposure pathways must be evaluated for population dose. Again, PABLM

is used for the analysis of the contribution of the food ingestion pathway and
ISDOSE is used to assess the inhalation and submersion pathways. However,
each code is used differently from the single person case. The population
dose is defined as the dose equivalent, in man-millirem, to the population
residing within a 50-mi (80 '-km) radius of the site. Exposures to persons
outside this area are not addressed.

To assess the dose from ingestion of contaminated food, PABLM is run in
the same manner and with the same inputs as described previously.. However,
the difference arises in the manner in which the output of .PABLM is manipu-
lated. The method used is as follows:
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1. PABLM is run from inputs stated in Section 3.1.1. The output is in
the form of dose to an individual organ by food type.

2. The doses to the organs are combined by the method discussed pre-
viously.(23> The result is a total dose contribution to one person
for each different food type.

3. The total dose per person by food type value is multiplied by the
"affected population" parameter (see Section 3.1.1). The resulting
value is the population dose attributed to that food type. This
assessment is only concerned with the dose to the people living
around the site area, the affected population values never exceed
the total population values documented in the demography section.

The total population dose is calculated. The contributions from
each food ',ype are summed to arrive at a total dose.

In the case of the inhalation and submersion doses, ISDOSE is capable of
receiving the population parameters in the form of the population distribution
grids. An additional input into this assessment is the wind direction fre-
quency for the site, shown in Table 4-1. This parameter determines what frac-
tion of the time the radioactive emissions are carried toward the various
directions. These values are annual averages for the four states listed in
Table 4-1. Also included in this analysis as inputs are the five annular X/Q
values, which replace the maximum X/Q value used in assessing the maximum

individual case. All other inputs remain the same. The method by which the
program assesses the population doses is as follows:

1. The exposure to one person in a segment of the population grid is
calculated by multiplying the release rate by the X/Q for the
annulus the segment is in and then multiplying by the dose factors
and other factors as done for the maximum exposed individual case
(see Section 3.1.2}.

2. The population dose is calculated for the segment by multiplying the
dose to one person by the population of the segment.

3. The total population dose is found by summing the contributions of
all of the segments of the grids.

4.3 RESULTS

Table 4-2 shows the population dose resulting from the preclosure radio-
logical releases. The highest doses are fnund at the Vacherie Dome site,
where the greatest population exists. The lowest doses are seen at the Deaf
Smith and Swisher County sites, mainly because of the better dispersion
characteristics at those two sites.
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Table 4-1. Wind Direction Frequency

Direction Texas Utah Mississippi Louisiana

N

NNE

NE

ENE

ESE

SE

SSE

SSW

SW

WSW

NNW

0.19

0.11

0.11

0.06

0.06

0.03

0.04

0.04

0.08

0.05

0.04

0.02

0.03

0.02

0.05

0.07

0.077

0.043

0.084

0.064

0.073

0.046

0.056

0.036

0.063

0.048

0.040

0.025

0.044

0.032

0.056

0.042

0.09

0.07

0.06

0.04

0.03

0.04

0.07

0.06

0.06

0.06

0.06

0.04

0.04

0.04

0.07

0.11

0.150

0.056

0.041

0.034

0.035

0.037

0.046

0.038

0.073

0.038

0.033

0.032

0.060

0.065

0.092

0.080
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Table 4-2. Population 50-Year Dose Commitment

Site
Exposure Pathway Dose, mrem

Inhalation Submersion Ingestion Total ~a)

Deaf Smith

Swisher

Utah

Vacherie

Richton

Cypress Creek

Deaf Smith

Swisher

Utah

Vacherie

Richton

Cypress Creek

1.04

2.04

4.19

3.24 x 101

2.66 x 10"

2.67 x 10"

7 33

1.45 x 101

2.49 x 101

1,92 x 102

1.58 x 102

1.59 x 102

Construction

1.46 x 10 3

2.87 x 10 3

5.90 x 10 3

4.56 x 10 6

3.75 x 10-2

8.70 x 10 1

Operation

4.24 x 102

8.41 x 102

1.21 x 103

9.39 x 103

7.71 x 103

7.75 x 103

2.0 x 104

2.2 x 104

2.2 x 104

1.4 x 105

1 ~ 1 x 105

1 ~ 1 x 105

3.9 x 105

4.1 x 105

2.5 x 105

2.0 x 106

1.9 x 106

1.9 x 106

2.0 x 104

2.2 x 104

2.2 x 104

1.4 x 105

1 ~ 1x 105

1 ~ 1x 105

3.9 x 105

4.1 x 105

2.5 x 105

2.0 x 106

19x106
1.9 x 106

(a) This is a 50-year dose commitment from exposure to an 8-year release of
radionuclides during construction and a 26-year release of radionuclides
during operation of the repository.
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5.0 ACCIDENT CALCULATIONS

Like the population dose assessment, the assessment of doses resulting
from accidental releases of radionuclides is not required by the regulations.
However, the analysis results w'll give a greater insight into repository
impacts on the surrounding area. In the case of this analysis, five accident
scenarios based on earlier analyses of repository operations("~3) were
developed:

~ Spent Fuel Shaft Drop - In this scenario, six pressurized-water
reactor (PWR) fuel elements, enclosed in a sealed canister and
container, are dropped down the waste emplacement shaft. The
fission gases and particulates are released. Most of the par-
ticulates are trapped in high efficiency particulate air (HEPA)
filters. The emission is from ground level.

~ Commercial High-Level Waste (CHLW) Shaft Drop — In this scenario,
one package of vitrified waste containing 9.8 metric tons of
uranium (MTU) is dropped down the emplacement shaft. Particu-
lates are released; however, most are trapped by HEPA filters.
Although vitrified waste was not considered a waste form for the
routine emissions, the accident was analyzed because the reposi-
tory may receive CHLW and/or defense high-level waste (DHLW).
The CHLW case is analyzed because it is more severe than the DHLW

case. The emission is from gr ound level.

~ Spent Fuel Handling Accident - For this case, 16 PWR spent fuel
assemblies in a railcar cask are crushed by another cask. It is
assumed that 30 percent of the void gases are released into the
handling facility and then to the environment through ventila-
tion. This emission is from an elevated release point
(61 meters).

~ Remote-Handled Tr ansuranic (RH-TRU) Waste Shaft Drop — In this
scenario, 12 drums of RH-TRU are dropped down the emplacement
shaft and burst. It is assumed that 20 .percent of the mater ial
is released after passing through HEPA filters. The release is
from ground level.

e Contact-Handled Transuranic (CH-TRU) Waste Puncture Accident — In
this case, a CH-TRU drum is punctured and radioactive material is
released. This release occurs in the waste handling facility, so
the release is from an elevated point.

5. 1 DOSE ASSESSMENT

The first inputs to the dose assessment are the source terms generated
from each of the five accident scenarios. Tables 5-1 through 5-5 give the
expected releases to the environment from the five accidents. Appendix B
gives an explanation of these source terms and their origins.
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Table 5-1. Release Prom Shaft Drop of Spent Fuel

i~ionuclide Release, Ci Radionuclide Release, Ci

3H

14C

85zr

90Sr

90'29z

9 0

6.0 x 10 2

6.0 x 103

2.0 x 10 4

2.0 x 10""

9.0 x10 3

238pu

239pu

240pu

24lpu

241Am

244Cm

6.0 x 10 6

8.7 x 10 7

1.4x106
2.1 x 10 6

4.8 x 10 6

2.7x106

Table 5-2. Release Prom Shaft Drop of Commercial High-Level Waste

Radionuclide Release, Ci Radionuclide Release, Ci

90'0Sr

106Ru

125Te

134cs

"37Cs

144Ce

3-9 x10 4

39x104
4.4x105
4.8 x 10 6

8.0 x10 5

6.ox 104
2.0 x 10 5

154Eu

238Fu

239Fu

240Fu

241pu

241Am

244Cm

3.6 x 10 5

5.6 x 10 7

1.3 x 10-8

5.2 x 10 8

6.4 x 10-6

5.2x106
4.4x105

Table 5-3. Release From Spent Fuel
Handling Accident

Radionuclide Release, Ci

3H
14C
85xr

129Z

5.4
3.6 x 10 2
3.6 x 103
5.4 x 10 3
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Table 5-4. Release From Shrift Drop of Remote-Handled
Transuranic Waste

Radionuclide'elease, Ci Radionuclide Release, Ci

3H

14C

54'0Co

63Ni

90Sr

95Nb

137Cs

2.5 x 10 1

4 4 x 10 4

8.1 x 108

1.6 x 106

1.6x 107

1.2 x 108

8.2 x 10 8

1.9x 108

238pu

239pu

240pu

241pu

241Am

242Cm

244Cm

1 ~ 1 x 10 9

7.2 x 10 11

1.5 x 10 "0

3.6 x 10-8

1.4 x 10 10

2.0x 10 9

1.4 x 10-9

Table 5-5. Release From Contact-Handled Transuranic
Waste Puncture Accident

Radionuclide Release, Ci Radionuclide Release, Ci

3H

14C

60Co

90Sr

95Nb

106Ru

129Z

6 3 x 10 6

1.6 x 10 10

6.2 x 10 13

9.2 x 10 13

1;1 x 10 11

2.8 x 10 10

1.6 x 104

4cs

"37Cs

238pu

239pu

240pu

241pu

1.8 x 10-12

1i".,'4 x 10 1 2

8.2 x 10-12

5.4 x 10 "3

1.1 x 10 12

2.7 x 10 10



For the population dose assessment resulting from accid~~atal releases, it
is assumed that the release is directed to the three adjacent sectors (wind
directions) with the greatest total population.. This assumption represents
the maximum number of people who could be exposed by release.

The next inputs to the analysis are the dispersion characteristics for
the sites. As directed by the U.S. Nuclear Regulatory Commission<30~31>, the
assumed meteorological conditions are a Pasquill stability class of F and a
wind speed of 1.0 m/s. This assumption represents a poor dispersion condition
and, therefore, a bounding situation. Using the same method as discussed in
Chapter 2, the X/Q values for both ground level and 61-meter releases are
calculated. The results are shown in Table 5-6.

Table 5-6. Calculated X/Q Values for Accident Conditions

Ground-Level Release
Distance, m X/Q, s/m3

61-Meter Release
Distance, m X/Q, s/m3

240

8,045

24, 135

40,225

56, 135

72,405

Maximum X/Q

8.85 x 10 3

3.15 x 10 5

8.51 x 10 6

4.63 x 10 6

3.18 x 10 6

2.41 x 10 6

8.85 x 10 3

240

8,045

24,135

40,225

56, 135

72,405

Maxi u X/Q

0.0

1.16 x 10 5

5.34 x 10 6

3.31 x 10-6

2.40 x 10 6

1.88 x 10 6

1.30 x 10 5

The method for the dose assessment is the same as for the routine
releases except for one significant change. The exposure from the ingestion
of contaminated food is ignored. It is assumed that all foodstuffs grown in
the area affected by the accidental release will be quarantined if necessary
to avoid significant population doses. That is to say, these foodstuffs will
be collected and surveyed for signs of contamination before being released for
consumption. Therefore, this pathway will be eliminated.

5 ' RESULTS

The assessment of the inhalation and submersion pathways's done by using
the ISDOSE code. Both maximum individual doses and population doses are calc-
ulated. The results are 50-year dose commitments attributed to the accidental
release. Table 5-7 shows the resulting dose equivalents for the five,,
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Table 5-7. 50-Year Dose Commitments From Accidental Releases

Site
Spent Fuel

Dr op
CHLW

Drop

Accident Scenario
Spent Fuel

Handling
RH-TRU

Drop
CH-TRU

Puncture

Maximum Individual, mrem

All Sites .

Population, man-mrem

Deaf Smith

Swisher

Utah

Vacherie

Richton

Cypress Creek

4.68 x 101

2.99 x 103

2.40 x 103

1.64 x 102

5-91 x 103

2.86 x 103

.2.68 x 103

2.74

1.75 x 102

1.41 x 102

9.63

3.64 x 102

1.67 x 102

1.57 x 102

3.98 x 10 2

1.29 x 103

1.05 x 103

6.61 x 101

2.47 x 103

1.14 x 103

1.05 x 103

3.10 x 10 3

1.98 x 10

1.59 x 10

1.09 x 10-2

3.91 x 10

1.89 x 10-1

1-77 x 10-1

207x109

6.70 x 10 5

5.47 x 10 5

3.44 x 10 6

1.29 x 10 4

5.95 x 10 5

5.49 x 10 5



accident scenarios analyzed. The results of. the maximum exposed individual
analysis are the same for all sites since the same meteorology is assumed
for all sites and population variations do not show up in this analysis.
Table 5-8 shows the nuclides that contribute significantly to the total dose.
The highest dose is from the drop of spent fuel down the shaft and is mainly
due to the krypton in the spent fuel. The lowest dose result is from the
CH-TRU waste puncture accident.

Table 5-8. Critical Nuclides in Accident Assessment

Inhalation Submersion

Spent Fuel Drop

129I
238pu
241pu
241Am

(4$)

CHLW Drop

241Am
244cm

(-,~100%)
L~. ',

Spent Fuel.'andling

3H
129I
(1%)!

RH-TRU Drop
tf': )t

3H

("100%)

CH-TRU Puncture

238pu
241pu

(-100%)

85Kr

(96%)

134cs
154Eu
( 0%)

85Kr

(99%)

60co
(-0%)

129I
95Nb

134Cs
( 0%)



6.0 SUMMARY AND CONCLUSIONS

The results of these analyses indicate that a high-level nuclear waste
repository placed at any one of these sites can comply with preclosure radio-
logical standards. The concentration-to-maximum permissible concentration
(MPC) ratio sum, a U.S. Nuclear Regulatory Commission-regulated parameter, is
only 5 percent of the limit established in the standards for the bounding
case. This ratio is for the Utah sites, where the worst dispersion character-
istics occur, and would be even lower at the other sites.

In comparing calculated doses with the U.S. Environmental Protection
Agency dose limitation of 25 mrem/yr, the largest annual dose is 1.3 mrem

during construction and 1.8 mrem during operation, both at the Utah site. The
doses at the other sites are all less than 1.0 mrem/yr to the maximum exposed
individual. In the population dose assessments, the doses are highest at the
Vacherie Dome site and lowest at the Deaf Smith County site (during construc-
tion) and the Utah site (during operation).

For the five accident scenarios analyzed, the greatest dose is from the
shaft drop of spent fuel, 4.68 x 10" mrem, while the smallest dose is from the
puncture of contact-handled transuranic waste, 2.07 x 10 9 mrem. The highest
population doses from accidents occur at Vacherie Dome and the lowest at the
Utah site.

In the case of all the assessments documented in this report, many
degrees of conservatism were entered into the parameters. It is very likely
that the actual releases and doses will be lower than the values reported
here.
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8.0 STATUTES AND REGULATIONS

10 CFR Part 20, Standards for Protection Against Radiation.

10 CFR Part 60, Disposal of High-Level Radioactive Wastes in Geologic
Repositories; Technical Criteria,

10 CFR Part 960, Nuclear Waste Policy Act of 1982; General Guidelines for the
Recommendation of Sites for the Nuclear Waste Repositories; Final Siting
Guidelines.

40 CFR Part 190, Environmental Radiation Protection Standards for Nuclear
Power Operations.

40 CFR Part 191, Environmental Standards for the Management and Disposal of
Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes; Final Rule.
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APPENDIX A

GENERAL GUIDELINES FOR THE RECOMMENDATION OF SITES FOR
T~E NUCLEAR WASTE REPOSITORIES;

FINAL SITING GUIDELINES

The title page only of this document is printed here; please note that
these are the Final Siting Guidelines published on December 6, 1984.
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5 bject Radi onucl ide Emiss 1on Rates for Precl osure Radiol og 1cal
Calculations for Final EA

This memo rev1ses and replaces my June 5, 1985 memo on the preclosure
radiolog1cal em1ssfon rates to be used in the final EA calculations. The
changes reflect comments received from you and others regarding the
construction and operational sourceterms.

Construction Radionuclide Emissions

GEIS, Volume I, Section 5.4.8 shows an annual estimate of 220Rn and
222R„ released from the mining of 30 million metric tons of salt . The
values are based on a period of eight years for mining (from 00E/ET/0028,
Figure 7.4e18). Therefore, the total amount of natural rad1onuclides
released by mining the salt is eight times the annual value presented in
GEIS. In the final EA, the release of the natural radionuclides will be
over 34 years (eight years of construction and 26 years of operation).
Therefore, the annual release would be I/34 of the total release . This
value is used since excavation of the salt will extend past the eight
years of construction and radionuclides will continue to emanate from
the excavated salt pile .
Table I shows the expected release of natural radionucl 1des . The values
shown for 220Rn and 222Rn are those found in GEIS. The remaining
radionuclides represent all of the radon and thoron daughters. Some of
these radionuclides, which were excluded in the release documented in
GEIS, were considered significant to our assessment. The release values
for the additional radionuclides were determined assuming an equilibrium
between the radon and its daughters of I to 1. This assumpt1on considers
all daughters and results in the maximum release possible and therefore
bounds the release. For the purposes of the radiological assessments,
the contributions of the short-lived nuclide (half-lives less than one
minute) are assumed to be zero for the inhalation and ingestion pathways .
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Table 1. Construction Radionuclide Releases

GEIS Annual EA Total EA Annual
Radionuclide Release (Ci) Release (Ci) Release (Ci)

222Rn

218po

214pb

2148i

214po

210pb

2108i

210po

220Rn

216po

212pb

2128i

po

208Tl

1.3 x 10 3

9.3 x 10 4

1.0 x 10-2

1.0 x 10 2

1 0 x 10-2

10 x10-2

1 0 x 10-2

1.0 x10 2

1.0x10 2

1.0 x 10-2

7.4 x 10-3

7.4x103
7.4x 10 3

7.4x 10 3

4.7 x 10 3

2.7 x 10 3

2.9 x 10-4

2.9 x 10"4

2.9 x104
2.9 x 10-4

2.9 x10 4

2.9 x 10-4

2.9 x 10 4

2.9 x 10 4

2.2 x 10 4

2.2 x10 4

2.2 x 10"4

2.2 x10 4

1.4 x 10 "
7.8x105

Accident Radi onucl i de Emi ss i ons

The most credible bounding accident that can happen to contact-handled
TRU is the puncture of the drum and subsequent release of the drum's
contents . In GEIS, Table 5.4. 24, it was shown that each incident would
release to the atmosphere:
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Table 2. CH-TRU Puncture Accident Release

60Co

90sr

95Nb

106Ru

1291

134Cs

137Cs

238ou

239pu

240pu

241pu

6.3 x 10+

1.6 x 10 10

6.2 x 10-13

9.2 x 10 13

1.1 x 10-11

2.8 x 10-10

1.6 x 10 4

1.8 x 10-12

1.4 x 10-12

8.2 x 10-12

5.4 x 10"13

1.1 x 10-12

2.7 x 10 1

Curies

Curies

Curies

Curies

Curies

Curies

Curies

Curies

Curies

Curies

Curies

Curi es

Curies

Each drum handled has a single probability of puncture of 3 x 10-5;
thus, with- 202,450 drums, a total of six punctures over the facility
life can be expected . This is classified as an abnormal operation .

I

All high-level waste arriving at the repository will be vitrified in
glass. The only credible accident which would release radionucl ides is
a shaft drop, and clearly a shaft drop is an abnormal operation.

GEIS, Table 5.4.25, determined that an accident involving a hoist load of
four canisters of 2.4 MTU* would release the quantities of radionuclides
shown in Table 3. Stearns designs are for waste packages of 9.8 MTU

carried one at a time on the hoist. Iil either case, a release scenario
would be virtually identical to the original GEIS release values .

MGDS specified 2.28 MTU.

Incidentally, the release values are for commercial HLW. Defense HLW

release values are substantially lower, and thus the values in Table 3
can be considered bounding for all HLW.
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Table 3. Shaft Drop Release

90(

90sr

106Ru

125Te

123Cs

137Cs

144Ce

154Eu

238pu

239PU

240Pu

241Pu

241Am

244cm

3.9 x 10 4

3.9x 104

4.4 x 10-5

4.8 x 10<

8.0 x105

6.0 x 10
4'.0

x 10 5

3.6 x 10"5

5.6 x10 7

1 3 x10-8

5 2 x 10-8

6.4 x 10-6

5.2 x 106

4.4 x10 5

Curfes

Curfes

Curfes

Curies

Curfes

Cur fes

Curi es

Curfes

Curies

Curies

Curies

Curie s

= Curies

Curies

RH-TRU

The bounding RH-TRU accident is the shaft drop of canisters carrying
RH-TRU drums. In this accident, four canisters carrying three drums each
drop down the mine shaft and burst. Some 20 percent of the material
is released. The quantity of radionuclides released to the atmosphere
for such an incident is as shown in Table 4 (from GEIS, Table 5.4.25):
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3H

60Co

63Ni

90sr

5%n

95Nb

137Cs

238pu

239Pu

240pu

241pu

241Am

242cm

244cm

2.5 x10 1

4.4 x 10 4

1.6 x 10<

1.6 x10 7

1.2 x 10

8.1 X 10-8

8.2 x 10-8

1.9 X 10-8

1.1 x 10 9

7.2 x 10-11

1.5 x 10 10

36 x 10-8

1.4 x 10-10

2.0 x 10 9

1.4 x 10 9

Table 4. Radionuclide Emissions from TRU Noist Drop

L'uries

Curies

Cur ies

Curies

Curies

Curies

Curi es

Curies

Curies

Curies

Curies

Curies

Cur ies

Curies

Curies

The probability of occurrence was estimated in GEIS at 3.5 x 10 6/year.
This is clearly an abnormal event.

Spent Fuel

In this accident, GEIS (Table 5.4.22 ) determined the consequences if
four spent fuel (PWR) assemblies dropped down the shaft . This is an
abnormal oper ation .
Values reported in GEIS for radionuclide emissions are reported in Table
5.

The Steam's design calls for 6 PWR assemblies to be on a hoist. For
hoist failure releases, therefore, the values reported in Table 5 must
be multiplied by 1.5 for the purposes of the current EA analysis .
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Table 5. Spent Fuel iihaft Drop

GEIS EA Release

3H

14C

85Kr

90Sr

90y

129I

137Cs

238pu

239pu

240pu

214pu

241Am

244cm

4 x 10-2

4 x 10+3

1x104
1 x 10 4

6 x 10 3

1.5 x10 4

4x106
58N 107

9x107
1.4 x 10 4

3.2 x 10-6

1.8 x 10 6

Curies

Curies

Curies

Curies

Curies

Curies

Curies

Curies

Curies

Curies

Curies

Curies

Curies

6 x 10-2

6 x 10+3

2x104
2 x 10-4

9 x 10-3

2.3 x 104

6 x 10-6

8.7 x 10"7

1.4 x 10-6

2.1 x 10 4

4.8 x 10-6

2.7 x 10 6

Spent Fuel Handling Accident

In this accident, the 12 PMR assemblies in a railcar cask are somehow
damaged within the receiving building. Because of filtration, virtually
all of the particulate is contained. This is an incident chosen to
involve the greatest number of assemblies which could be affected by a
single cause event .
It is assumed that 30 percent of the void gases in the pins would be
released by the accident . Gaseous releases, then, can be found by
multiplying the values for 3H, 14C, 85Kr and 129I by "3" in the "GEIS"
column in Table 5 above (to account for 12 assemblies instead of 4) and
by "0.3" (to account for release fraction) .
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Table 6. Spent Fuel Handling Accident Release

3H

85Kr

129I

5.4

3.6 x 10-2

3.6 x 10+3

5.4x 10 3

Curie s

Gur1es

Curies

Curies

This is an abnormal condition.

Routine Operational Radionuclide Emiss1ons

The routine operational release of rad1onuclides originates .from the dis-
assembly of spent fuel elements. Based on a study by the Nuclear
Assurance Corporation, documented in DOE/ET-47912, Underwater Nuclear
Fuel Disassembly and Rod Storage, 0.1 to 0.3 percent of the rods will
stick in the spacers and 50 percent of those stuck rods w111 rupture
during disassembly. In the BWIP draft EA, the conservative assumption
that 1.0 percent of the rods stick and 50 percent of those rods rupture
was used. This leads to a fa11 ure fraction of .005. This is the
failure value to be used for the final salt EAs.

The total number of rods received in one year will vary from year to year
at the repository. Based on values in ONWI-258 (CRRD), the maximum

number of rods received in any one year will be 1,100,000 rods and the
annual average will be 634,000 rods. This is based on 50 percent spent
fuel and 50 percent CHLW. Also, the spent fuel is received in a ratio
of 3 BWR assemblies to 2 PWR assem'>lies. Table 7 shows the maximum and

average annual releases expected.. The release values from the failure
of one rod are from DOE/ET-0028, Technology for Commercia1 Radioactive
Waste Management.

Table 7. Routine Operational Radionuclide Emissions

Radionuclide
Emissions from
One Failed Rod (Ci )

Maximum Annual Average Annual
Release (Ci) Release (Ci)

3H

14C

85Kr

1291

5.0 x 10"3

4.0 x 10 5

3.0

5 0 x 10-6

2.8 x 101

2.2 x10 1

1.7 x 104

2.8x102

1.6 x 101

1.3 x 10-1

9.5 x 103

1.6 x 10-2
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The radfonuclfdes listed fn Table 7 represent Ithose volatile fission
gases expected to be released ff the cladding 'fs ruptured. The values
documented fn 00E/ET-0028 assume 6.6 year old spent fuel fs involved.
Therefore, the values of the releases var'y only slightly from what would
be expected from five year old fuel, which fs called for in the generic
requirements. The releases documented here also assume only a fraction
of the rod inventory of fission gas is released .
The maximum annual release, based on the receipt of l.l mfllfon rods,
will be used to calculate compliance with 10 CFR 20 regulations which
govern the maximum permissible concentrations which can be released to
the unrestricted area. The annual release, based on the receipt of
634,000 rods, will be used for calculating the dose to the public
receives over the 26 years of operation. One repository design under
consfderatfon calls for the emplacement of 100 percent spent fuei, or
twice as much spent fuel as in the reference case presented here. There-
fore, for the purposes of the preclosure radiological calculations, the
values stated in Table 7 will be doubled. This change effects only the
operational sourceterm.

The introduction of the disassembly sourceterm is in response to a
convent on the draft EAs by the NRC. The routine operation sourceterm
previously included in the draft EAs, where 6 rods fail per year during
transportation of the fuel assembl'Ies to the site, has been di sregarded
in this final analysis . This failure is considered insignificant
compared to the 3,200 rods expected to fail in an average year due to
disassembly. Consequently, the sourceterm for routine operational
releases is very different from that in the earlier analysis.

JJM:fk
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SALT EXCAVATION SOURCETERM CALCULATIONS

STEVE

MAHERAS'roblem

1, In order to calculate the dose equivalent to the maximum individual and the

population dose equivalent from construction activities at a HLW repository,

radon and thoron sourceterms must be estimated.

2. Since radon and thoron decay serially, there is a time dependence on the

radon and thoron sourceterms. That is to say, the time necessary for a

radionuclide to migrate from source to receptor determines to some extent

the relative concentrations of the members of the series and therrefore the

dose equivalent

3. There are three possible approaches to the problem.

a Assume all radionuclides in the chain are released in equal activities.

b. Calculate the time dependent sourceterm foi'ach radionuclide in the

chain, assuming only radon and thoron is released initially.

c. Use an equilibrium constant to account for dispersion and radioactive

decay of radon and thoron once released.

Models and Assumptions

1. Rn-222 and Rn-220 are liberated during salt excavation.

2. Rn-222 and Rn-220 decay while in the mine to its progeny.

3. Air in the mine is exhausted to the environment, along with Rn-222, Rn-220

and their progeny.

4. The model used is serial decay of Rn-222 through Pb-206 and Rn-220

through TI-208.

5. The model assumes an initial deposition of Rn-222 or Rn-220 into a cohort

1
The research was performed under appointment to the Nuclear Engineering, Health Physics, and Radioactive

vvaste Management Fellowship program administered by oak Ridge Associated Universities for the U.S.

Department of Energy.



of air which then moves out of the mine, that is to say, the initial

concentration of all radionuclides except for Rn-222 and Rn-220 are zero.

Rn-222 Mathematical Treatment

2 ~ 3 ~ 4 ~ 5 ~ 6

Rn-222 Po-218 Pb-214 Bi-214 Po-214 Pb-210

7 —~ 8 —~ 9

Bi-210 Po-210 Pb-206

Differential Equations:

~d
=-k q

dt

dcC =kq -kq
dt

d~=kq -kq
dt

dcC =kq -kq
dt

dcC=kq -kq
dt

dcl =kq -kq
dt

dcC =kq —kq,,>
dt

dcC =kq —kq
dt

dcC =kq
dt
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-k t
Solution for compartment 1 is: q (t) = q (0)e

1 1

Solutions for compartments 2 through 8 are of the form

n-1 n

q = q (0) II k,E
i= 1 '=1

-kt
e

n

II (k,-k )

solution for compartment 9 is of the form

8 8
q = q (0) II k E

)=1 '=1
-kt

e

8
II (k,-k )

I= 1,I=)

Calculations

1. All radionuclides released in equal activities: [31j

Radionuclide Activity. Cur ies

Rn-222

Po-218
Pb-214

Bi-214

Po-214

Pb-210

BI-210

Po-210

1.0x10

1.0x10

1.0x10

1.0x10

1.0x10

1.0x10

1.0x10

1.0x10
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-2
2. Time dependent release (q (0) = 1.0x10 )

t

RN 1.0hr
Activity, Curies
2.0hr 5.0hr 24.0hr

Rn-222

Po-218

Pb-214

Bi-214

Po-214

Pb-210

Bi-210

Po-210

9.9x10
9.9x10

7.6x10

4.8x 10

4.8x10

5.3x 10

1.1x10

6.2x 10

9.9x10

9.8x10

9.5x10

8.4x10

8.4x10

7.9x10

1.1x10

6.4x10

9.6x10

9.6x10

9.8x10

9.7x10

9.7x10 ',

5.3x10

1,1x10

6.9x10

8.3x10

8.3x10

8.5x10

8.4x10

8.4x10

8.3x10

1,5x10

9.8x10

Time dependent release equilibrium factors:

RN 1.0hr
Equilibrium Factor
2.0hr 5.0hr 24.0hr

Rn-222

Po-218

Pb-214

Bi-214

Po-214

Pb-210

Bi-210

Po-210

9.9x10

9.9x10
7.6x10

4.8x 10

4.8x 10

5.3x10

1.1x10

6.2x10

9.9x10

9.8x10

9.5x10

8.4x 10

8.4x 10

7,9x10

1.1x10

6.4x10

9.6x10

9.6x10

9.8x10

9.7x10

9.7x10

5.3x10

1.1x10

6.9x10

8.3x10

8.3x10

8.5x 10

8.4x 10

8.4x 10

8.3x10

1.5x10

9.8x10

3. Equilibrium Constant

The typical outdoor equilibrium ratios are 1.0/0.7/0.6/0.6 L7j for

Po-218/Pb-214/Bi-214/Po-214.

activities are calculated:

Therefore, if q l0) = 1.0x10, then. the following
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Radionuclide Activity, Curies

Rn-222

Po-218
Pb-214

Bi-214

Po-214

1.0x10

1.0x10

0.7x10

0.6x10

0.6x10

Because this method was developed for use in determining Working Levels, it does not

consider Pb-210, Bi-210, or Po-210. Using typical equilibrium constants, these ratios can

-6 -5 -7
be estimated at 5.3x10 /1.1x10 /6.2x10 for those radionuclides respectively. If q is

1

-2
again assumed to equal 1.0x10, then the following activities are calculated:

Radionuclide Activity, Curies

Rn-222

Po-218
Pb-214

Bi-214

Po-214

Pb-210

Bi-210

Po-210

1.0x10

1.0N 10

0.7x 10

0.6x 10

0.6x 10

5.3x10

1.1x10

6.2x10

Results

It is apparent that approach 1, all radionuclides released in equal activities, is the most

conservative. i.e., it represents a worst-case scenario. This method estimates Rn-222

through Po-214 well when compared to the other methods and overestimates the

remaining activities by 5 to 6 orders of magnitude.

Approaches 2 and 3 yield comparable results in a time frame of one hour. After one
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hour, approach 2 becomes slightly more conservative, estimating Rn-222 through Po-214

as 1:1:1:1:1.

In summary, all approaches agree within an order of magnitude for the Rn-222 through

Po-214 portion of the decay series. However, approach 1 overestimates the Pb-210

through Po-210 portion of the chain by between 5 to 6 orders of magnitude when

compared to approaches 2 and 3.

Rn-220 Mathematical Treatment

1 ~ 2 ~ 3 4 ~ 5

Rn-220 Po-216 Pb-212 Bi-212 Po-212

6 ~ 7

Differential Equations:
TI-208 Pb-208

~d =-kq
1 1 1

dt

dcr=kq —kq
dt

dcC =kq —kq
dt

dcC =kq -kq
dt

dcl = (0.63) k q

dt

dq = (0.36) k q4 4
dt
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Calculations

1. Assume all radionuclides released in equal activities: [313

Radionuclides Activity, Curies

Rn-220

Po-216
Pb-212

Bi-212

Po-212
TI-208

74x 10

74x 10

74 x 10

74x 10

47x 10

27x10

2. Time dependent release (q (0) = 1.5 x 10 )
1

Activity, Curies

RN 60s 120s 300s 3600s

Rn-220

Po-216
Pb-212

Bi-212

Po-212
TI-208

70x
10'.1

x 10

1.1 x 10

1.6 x 10

1.0 x 10

1.8 x 10

33x 10

33x 10

1.7 x 10

33x 10

21x10
1.8 x 10

34x 10

34x 10

2.1 x 10

9.8 x 10

63x 10

1.7 x 10

30x 10

30x 10

20x 10

1.0 x 10

64x 10

1.3 x 10
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3. Time dependent release equilibrium factors

RN 60s 120s 300s 3600s

Rn-220

Po-216

Pb-212

Bi-212

Po-212

Tl-208

0.47

0.47

73x 10

1.1 x 10

6.7 x 10

1.2 x 10

0.22

0,22

1.1 x 10

22x 10

1.4 x 10

1,2x 10

2.3 x 10

23x 10

1.4 x 10

65x10
42x 10

1.1 x 10

3.0 x 10

30x 10

1.3 x 10

67x 10

43x 10

87x 10

4. Equilibrium constant. Assuming a 3600s decay time, equilibrium constants of

20x10 /2.0x10 /1.3x10 /6.7x10 /4.3x10 /8,7x10 can be calculated for

Rn-220/Po-216/Pb-212/Bi-212/Po-212/Tl-208.

5. Summary

For the Rn-220 decay series, both approaches 1 and 2 yield comparable results for

releases at 60s. Approach 1 then becomes more conservative by 2 to 4 orders of

magnitude. However, in the time span most applicable (between 1 and 2 hours), approach

1 is more conservative by 19 orders of magnitude for Rn-220 and Po-216, while oniy 2

to 3 orders of magnitude more conservative for Pb-212 through Ti-208,

72



''3

URANIUM MILL TAILINGS PILES

An average stabilized uranium mill tailings pile has a Rn-222 flux of 500 pCi/m .s2

and an unstabilized pile has a flux of 650 pCi/m s [15j2

2
Typical tailings piles are about 120 acres or 500,00 m in area. Therefore, an

8 -4
average tailings pile would emit approximately 24 'x 10 pCi/s of Rn-222 (2.4 x 10

Ci/s). Using the three approaches outlined previously:

Approach 1 —All radionuclides released in equal activities,

Radionuclide Activity ICi/s)

Rn-220

Po-218
Pb-214

Bi-214

Po-214

Pb-210

Bi-210

Po-210

4

24x 10

24x 10

24x 10

24x 10

24x 10

24x 10

24x 10

24x 10
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Approach 2 —Time dependent release: [Ci/s)

RN 2 hr 5 hr 24 hr

Rn-222

Pc-218
Pb-214

Bi-214

Po-214
Pb-210

Bi-210
Po-210

2.4. x 10

24x 10

1.8 x 10

1.2 x 10

1.2 x 10

1.3 x 10

26x 10

1.5 x 10

24x 10

24x 10

23x 10

20x 10

20x 10

1.9 x 10

26x 10

1.5 x 10

23x 10

24x 10

24x 10

23x 10

23x 10

53 x 10

26x 10

1.7 x 10

20x 10

20x10
20x 10

20x 10

20x 10

20x 10

36x 10

24x 10

Approch 3 —Equilibrium factors

Radionuclides Curies per second

Rn-220

Po—218
Pb-214

Bi-214

Po-214
Pb-210

Bi-210

Po-210

24x 10

24x 10

1.7 x 10

1.4 x 10

1.4 x 10

1.3 x 10

26x 10

1.5 x 10
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APPENDIX B

DEVELOPING RADIONUCLIDE EMISSION RATES

The first section of this appendix is a memo to S. J ~ Basham from
J. J. Mayberry on June 28, 1985. It contains the source terms used in the
radiological assessments associated with finalizing the draft environmental
assessments. The second section is a radon emission calculation made by
S. Maheras.



SALT PILE RADON SOURCETERM CALCULATION

Soil typically contains 0.6 pCi per gram of soil and releases radon at a rate of 0.42 pCi

2
Rn-222/m .s. Rock salt contains approximately 0.033 pCiU/g rock salt Assuming that

rock salt releases the same fraction of Rn-222 that soil does, rock salt should release

20.023 pCi Rn-222/m .s. By piling rock salt on top of soil, which effectively smothers the

soil release of radon, the net radon release rate is reduced by 95%.



C. 1 INTRODUCTION

The ISDOSE computer code was developed at Battelle Memorial Institute
for the Office of Nuclear Waste Isolation (ONWI) to calculate submersion and
inhalation doses from atmospheric releases of radionuclides from a nuclear
waste repository. ISDOSE can calculate doses from both normal and accidental
releases. It contains two dose factor libraries: one for submersion dose
factors (SDF) and one for inhalation dose factors (IDF). ISDOSE can calculate
the dose for 37 different radionuclides, given the nuclides and their release
quant ities.

ISDOSE can calculate the dose commitment and the total dose for each of
the nuclides in the input data set, and the percentage of the total dose for
each of the nuclides. Tables are printed for both the annual dose from a
1-year release and a 50-year dose commitment from the total release. Only
the 50-year dose commitment is printed for accident cases.

ISDOSE can be set up to calculate the dose to a given population or to
the maximum individual. The population distribution input is in the form of
a circular grid. A wind frequency input is required for each sector of the
grid, and a X/Q, the dispersion factor for airborne contaminants, input
is required for each annuli. In a maximum individual run, the population and
wind frequency for the first sector and the first annuli are set to one. A

maximum exposed individual run calculates the maximum dose delivered to an
individual given appropriate input.

The ISDOSE computer code has been set up>pto calculate inhalation and sub-
mersion doses for most preclosure releases from a nuclear repository. It will
handle population and maximum exposed individual doses for both normal opera-
tions and accident cases. This report includes an in-depth discussion of its
inputs, and its two libraries. The program listing, sample, input, and output
are also included.

C.2 THEORY AND CALCULATIONS

The theory behind the dose equivalency calculations in ISDOSE relies on
the application of inhalation and submersion dose conversion factors to cal-
culate the dose via the inhalation and submersion pathways. The inhalation
dose factor enables the calculation of a dose equivalency when the quantity of
radionuclide intake is known. In the case of the submersion pathway, the dose
is calculated for an exposure to an concentration of a radionuclide in air.
ISDOSE manipulates the inputted data to arrive at intake and air concentration
values, then applies the dose factors contained in the IDF and SDF libraries
to calculate the dose.

C.2. 1 Maximum Exposed Individual Dose Assessment

ISDOSE applies the following equations to calculate the dose to the maxi-
mum exposed individual:
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Inhalation:

K

HT,50 = Zi, 1(X/Q) ~ Qi ~ IR ~ IDFi ~ Icf

where

(C-1)

HT 50 = The 50-year dose commitment to the total body from the exposure,
mrem

X/Q = The dispersion factor for airborne contaminants for a given site,
s/m3

Qi = The annual release quantity for radionuclide i, Ci/yr

IR = Inhalation rate constant, 20 m3 of air/day

IDFi = Inhalation dose factor for radionuclide i, mrem/uCi

Icf = Unit conversion factor, 11.57 day pCi/s Ci

Submersion:

K

HT,50 = Xi = 1(X/Q) ~ Qi ~ SDFi ~ Scf

where

(C-2)

SDFi = Submersion dose factor for radionuclide i, mrem/yr per pCi/cm3

Scf = Unit conversion factor, 3.17 x 10 8 (yCi yr ~ cm3)/
(m3 ~ Ci ~ s)

In the case of the maximum exposed individual, the maximum )(/Q is used in
the calculation, This value represents the greatest concentration of the
radionuclide in the air and, therefore, the greatest inhalation intake or sub-
mersion exposure. The release quantities are supplied as input. The inhala-
tion and submersion dose factors are found in Tables C-1 and C-2.

The application of the dose factors given in the tables result in a
50-year dose commitment from a given exposure. Since the regulatory standards
are for an annual dose, the dose yielded in the code would need to be altered
to be compared to those standards. Instead of making that calculation, the
50-year dose commitment from an annual release 's stated as an annual dose.
This position results in an annual dose that overestimates the actual value,
and is'therefore conservative. For the radionuclides of significance in the
repositor y dose assessment, the overestimation ranges from a factor of 2 to
10. [35]

The 50-year dose commitment from a release over the lifetime of the
facility is also calculated by ISDOSE. This value is obtained by calculating
he annual dose and multiplying this vaiue by the facility life, in years.
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Table C-1. Submersion Dose Conversion Factors

Radionuclides

Dose Factors»
mrem/yr per

yCi/cm~ Radionuclides

Dose Factors»
mrem/yr per

NCi/cm~

H-3

C-14

Mn-54

Co-60

Ni-63

Kr-85

Sr-90

Y-90

Nb-95

Ru-106

Te-125

I-129

Cs-134

Cs-137

Ce-144

Eu-154

Bi-210

Pb-210

Pb-214

0.0

2.18 x 105

4.44 x 109

1.31 x 1010

0.0

2.66 x 107

1.07 x 107

7.33 x 107

4.03 x 109

0.0

5.03 x 107

4.29 x 107

8.14 x 109

8.36 x 106

9 ~ 44 x 107

6.59 x 109

2.64 x 107

6.85 x 106

1 '8 x 109

Rn-220

Rn-222

Pu-238

PU-239

PU-240

Pu-241

Am-241

Cm-242

Cm-244

Po-210

Bi-212

Bi-214

Tu-208

Po-218

Po-214

Po-216

Po-212

Pb-212

2.67 x 106

1.98 x 105

4.7 x 105

4.26 x 105

4.63 x 105

0.0

9.66 x 107

5.25 x 105

4.48 x 105

0.0

8.25 x 109

4.4 x 105

4.48 x 104

7.66 x 104

1.01 x 109

0.0

2.01 x 1010
0

7.55 x 108

«Dose factors converted from Sievert per year per Becquerel per cubic centi-
meter (Sv/yr per Bq/cm3).

Source: Kocher, D. C., 1983<22>.



Table C-2. Inhalation Dose Conversion Factors

Radionuclides
Dose Factors+

mr em/yC1 Radionuclides
Dose Factors+

mrem/pCi

H-3

C-14

Mn-54

Co-60

Ni-63

Kr-85

Sr-90

Y-90

Nb-95

RU-106

Te-125

I-129

Cs-134

Cs-137

Ce-144

Eu-154

Bi-210

Pb-210

Pb-214

1 ~ 7 x

3 ~ 2 x

102

10"

32x 101

3.5 x 102

2.6 x 102

1 ' x 102

1.3 x 104

6 '

6.3 x 10"2

2.4 x 10-2

6.3

1.5 x 102

3 ~ 1

N/A«

1.3 x 103

8.1

4.4

4.4 x 102

6.7

Rn-220

Rn-222

PU-238

PU"239

Pu"240

PU-241

Am-241

Cm-242

Cm-244

Po-210

Bi-212

Bi-214

TU-208

Po-218

Po-214

Po-216

Po-212

Pb-212

N/A«

N/A«

4.5 x 105

5.2 x 105

5.2 x 105

1.0 x 104

5.2 x 105

1.7 x 104

2.7 x 105

7.88 x 103

1.74 x 101

5.92

9.1 x 103

1.91 x 101

0.0

0.0

0.0

1.6 x 102

«Dose factor is not applicable.
+Dose factors converted from Sievert per Becquerel (Sv/Bq).

Source: ICRP 30, ICRP 1978-1982~2").



C.2.2 Population Dose Assessment

The population dose is calculated in a similar manner as discussed for
the maximum exposed indivNual. However, for the population case, the expo-
sure is calculated for every person living in a specified area.

For this calculation, a population make-up is supplied as input. This
make-up is in the form of a circular grid. Figure C-1 shows an example of one
such grid. Each segment represents an area. The value within the segment
represents the number of people who live in, that area. The grid in the figure
is comprised of five 10-mile wide annuli. However, the grid can represent any
area. The only restraint is that no more than 20 'annuli are used and that
each annuli is divided into 16 sec,ors. These sectors represent 16 wind
directions, each 22.5 degree angles.

Additional parameters for the assessment include X/Q values for each
annuli in the desired population grid and wind frequency data for the 16
directions. An example of the frequencies is presented in Table C-3.

The population dose is assessed with the following equation:

N 16
HT,50, population ~n = 1~j = 1HT,50, individual, n x Popn,j »Fj

where,

HT 50 popu]ation Population 50-year dose commitment, person-mrem

HT 50 individual „ = The dose commitment as calculated for the indi-
vidual case. The X/Q use is for the annulus, n,
the population segment is in mrem

Popn j = The population in annulus, n, sector, j, persons

MFj = The fraction of the time the wind blows into
sector, j

As in the case of the maximum exposed individual, the dose values
reported as annual doses are multiplied by the facility lifetime to calculate
the 50-year commitment from the releases over the life of the plant.

C.2.3 Accident Release Dose Assessment

The dose assessment for accidental releases is the same as for routine
releases outlined in the earlier section. The only differences are that,
the releases are in curies, i.e., the total release from the event, and the
results of the assessment are only given in terms of a 50-year dose
commitment,
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Figure C-1. Circular Grid Showing Annuli and Sections



Table C-3. Wind Frequencies Use for the First Sample Run

Direction Wind Frequency Wind Direction Code

N

NNE

NE
ENE
E
ESE
SE
SSE
S
SSW
SW

WSW

W

WNW

NW

NNW

0.19
0.11
0.11
0.06
0.06
0.03
0.04
0.04
0.08
0.05
0.04
0.02
0,03
0.02
0.05
0.07

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

C. 3 RADIONUCLIDE DOSE LIBRARIES

There are three radionuclide dose factor libraries contained within
ISDOSE. The first, IDF, is the inhalation dose factor library. The second,
SDF, is the submersion dose factor library. The third library, RNLIB, con-
tains the names of the 37 radionuclides that are in the two dose factors
libraries. The dose factors for both inhalation and submersion are stored in
the same order as the nuclides are in RNLIB. That is, the dose factor value
of H-3, the first nuclide in RNLIB, is the first dose factor in IDF and SDF.
The radionuclides and their submersion dose factor values are listed in
Table C-1. The radionuclides and their inhalation dose factor values are
listed in Table C-2.

C.4 RUNNING THE ISDOSE CODE

ISDOSE was developed to calculate submersion and inhalation doses from
atmospheric releases of radionuclides from a nuclear waste repository. ISDOSE
can calculate doses from both normal and accidental releases for the maximum
individual and population cases.

The ISDOSE code is set up to run as a simple code. It has only one input
file and one output file. The input file is set up to be read in a free for-
mat form, except for the title and radionuclide data which are set up to be
read in as character data. ISDOSE reads in input data sets, runs, and then
prints the output until it finds the end of the input file. There can be,;more
than one input data set in a single ISDOSE run. The input is assigned to 'log-
ical unit 8, while the output is assigned to logical unit 9. The number of
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inputs var ies with the type of run that is desired, maximum exposed individ-
ual, or population. The inputs that are needed for these different runs are
similar. The input options are described in the input section that follows.

C.4.1 ISDOSE Input

The input consists of the title of the run, the number of annuli, the
number of radionuclides, the length of time of the release, the atmospheric
dispersion characteristics of the site (x/Qs), the radionuclides that are
released, and their release quantities. The input also includes the maximum
individual and accident case flags. If both flags are set greater than zero,
then !SDOSE reads the population and wind frequency information. If the acci-
dent case flag is set greater than zero and the maximum exposed individual
flag is not, then ISDOSE reads a wind dir ection and the population in that
direction, instead of a wind frequency and the total population.

The inputs and their descriptions are listed in the order that they are
read in. All the input is in a free format, except for the radionuclide iden-
tification information which is a character string with a 10A5 format and the
title which is a character str ing with a A65 format.

Title - the title. It is printed out on the top of each output
page. Title is a character variable of length 65.

2. N - the number of annuli in the run. N is an integer variable that
is less than or equal to 20. N is set to one on a maximum individ-
ual run.

3. K - the number of radionuclides in the run. K is an integer vari-
able that is less than or equal to 37, the total number of radio-
nuclides in the dose factors libraries.

4. T — the total release time. T is a real variable. T is set to one
in accident case run..

Iflag - the maximum individual flag. The Iflag is set greater than
or equal to one for a max!mum individual run; it is set to less than
one for a population run. („,Iflag is an integer variable.

V

Iflag2 - the accident case flag. The Iflag2 is set greater than or
equal to one for an accident run; it is set to less than one for a
nonaccident run. Iflag2 is an integer variable.

7. Chio(N) — the x/Qs. There is one x/Q inputted per annuli. Chiq is
a real variable with a maximum array size of 20. The maximum x/Q is
inputted in a maximum exposed individual run .

8. Rn(K) — the radionuclides. There are k radionuclide inputs. Rn is
a character variable of length 5 with a maximum array size of 37.
Rn is entered with a 10A5 Fortran format. The nuclides are entered
in capital letters and flush right (blank spaces, if any, fillleft).



9. Q(K) - the radionuclide release quantity. There is one release
quantity input for each radionuclide. The units are curies per year
for normal runs and total curies for the accident runs. Q is a real
variable with a maximum array size of 37.

For Nonaccident Cases Runs

10. Wf( 16) - the wind frequency. A wind frequency is entered for each
sector. A sector is one sixteenth of an annuli, with each sixteenth
representing one of the 16 wind directions. The input of the sec-
tors starts at North, then input each sector in a clockwise motion
to North-northeast finally ending at the North-northwest, sector
forming a circular grid. Figure C-1 gives a view of the circular
grid formed by the sectors and ann~'ll. Table C-3 gives the table of
wind frequencies for Figure C-1. The data in Table C-3 is used in
the first sample run. Wf is a real variable with an array size of
16. In a maximum individual run the wind frequencies are not
entered, but are set to one.

Pop(16,N) - the population. A population value is entered for each
sector of each annuli. The populations are inputted in the same
order as the Wind Frequencies. The sectors start at the North sec-
tor; then run in a clockwise motion to the North-northeast sector,
finally ending at the Nor th-northwest sector. The sectors of the
center annuli inputted first followed by the sectors of the next
annuli. Figure C-1 gives a view of the circular grid formed by the
annuli and the sectors. The values of Figure C-1 are used in the
first sample run. Pop is a real variable, a double subscripted
array, with the first subscript of 16 and a second a maximum of 20.
In a maximum individual run the population is not entered, but is
set equal to one.

For Accident Cases Runs

10. Iwd - the wind direciton. It is entered in an accident case. Iwd
is an integer that represents the wind direction in an accident
case. The values run from one to 16 with one being north running
clockwise to 16 representing north-northwest. The values that
represent the wind directions are listed in Table C-3. Iwd is not
entered in a maximum individual run.

Pop(lwd,N) - the population. In an accident case the population is
entered for each annuli and for each sector in the wind direction
set by Iwd. Pop is a real variable, a double subscripted array,
with the first subscript value set to equal Iwd and the second to a
limit of 20. In a maximum individual run the population is not
entered, but is set equal to one.

C.4.2 ISDOSE OutQUt

The ISDOSE output is in a preset format. The date and title are printedfirst to identify the run. Next, the input variables are echoed out. This is
done so input data can be found quickly and easily and debugging can be done.
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After the input is written, ISDOSE prints the dose commitment and the total
dose for each of the nuclides entered. For accident runs, ISDOSE pr ints the
50-year dose commitment. For nonaccident runs, ISDOSE prints both the annual
dose from a 1-year release and 50-year dose commitment from the total release.
For both the 1-year and the 50-year release ISDOSE prints the percentage of
the total dose contributed by each of the nuclides. The data set run number
is also printed to identify the run.

C.4.3 Warning and Error Messages

ISDOSE has one warning message and one error message. The ~arning mes-
sage is for the inhalation dose factor librar y. The warning message states
"«~~Warning -- KR85 is not in Inhalation Library." This is printed because
for three nuclides in the radionuclide library (KR85, RN220, and RN222) the
inhalation dose factors are not applicable, while submersion dose factors are.
ISDOSE sets their inhalation dose factors to zero.

The error message prints out when a nuclide is not found in the library
or is not in the correct format. To be read properly by ISDOSE the nuclide
must be entered in capital letters, flush right in a 5 character format (blank
spaces fill left). For example, I-129 would be entered as '129', while
Rn-222 would be entered-'-vs 'RN222'. If this error is flagged, the error
message is printed out; and the data set that flagged the error is skipped.
ISDOSE would then go on to the next data set.

C.5 SAMPLE RUNS

This section presents several sample runs. The first sample run uses the
population input information in Figure C-1 and the wind frequency information
in Table C-3. The second sample run uses the same informati.on as the first,
but flags the accidental release run. The third sample run also uses the same
input data as the previous two, but it is set up as a maximum individual run,
so the population and wind frequency data are not entered. The fourth sample
run is a maximum individual accident case run. The fifth sample run flags all
of the error and warning messages that are in the code.
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!

C.5.1 Sample Input File

!
Sample Run Number One - Po

5 16 28 0 0
I

pulation Run

8.93e-7 2.01e 7 9.82e 8 6.16e-B 4.48e-8
H3 C14 KR85 I129P0218P6214BI214P0214PB2106I210

P0210P0216PB2128I212P0212TU208
3.2E1,2,6E"1, 1.$E4,3.2E"2~ 2.$E-4,2.SE"4,2.9E-4,2.$E-4,2.98-4,
2.9E-4,2.9E"4,2.25-4,2.2E-4,2.2E-4,1.48-4,7.8E"5
. 1S .11 .11 .08 .06 .03 .04 .04 .08 .05 .04 .02 .03 .02 .05 .07
$ 16. 16. 16. 69. 69. 69. 69. 89. 69. 69. 69. 6$ . 6$ . 6$ . 16. 16.
47. 47. 47. 47. 206. 208. 208. 206. 208. 206. 208, 206. 206. 47. 289. 47.
78. 78. 873. 873. 15600. 559. 559. 343. 16200 343. 343. 343. 343. 78. 78. 78.
124. 110. 1230. 71200. 61300, 11200. 787. 64S. 849. 4490. 483. 483. 124. 110.
110. 110.
159. 301. 1580. 5810. 1010. 1010. 1320. 6150. 832. 2370. 867. 673. 500. 159.
159. 159.
Sample Run Number Two - Accident Populat1on Run

5 16 1 0 1

8.93e-7 2.01e-7 9.62e-8 6. 16e-8 4.49e-S
H3 C14 KR85 I129P021&PB2148I214P0214PB2108I210

P0210P0216P62128I2'12P0212TU208
3.2E'1,2,'6E"1,1.9E4,3.2E-2,2.SE-4,2.SE-4,2.9E-4,2.9E-4,2.$8-4,
2.9E-4,2.9E-4,2.2E-4,2.2E-4,2.2E-4,1.4E-4,7.8E-5

4 69. 47. 873. 71200. 5810.
Sample Run Number Three - Maximum Individual

1 16 26 1 0
8.93e-7

H3 C14 KR85 I129P0218PB214BI214P0214PB210BI210
P0210P0216P821281212P0212TU208
3.2E'1,2.6E-1,1.$E4,3.2E-2,2.9E-4,2.9E-4,2.9E-4,2.9E-4,2.9E-4,
2.SE-4,2.9E-4,2.2E-4,2.2E-4,2.2E-4,1.4E"4,7.&E-5
Sample Run Number Four - Maximum Individual Accident Run ':

1 16 1 1 1

8.93e-7
H3 C14 KR85 I129P021&P8214BI214P0214PB210BI210

P0210P0216P82128I212P0212TU20&
3.2E1,2.BE-1,1.SE4,3.2E-2,2.SE-4,2.SE-4, 2.SE-4,2.98-4,2.9E-4,
2.9E-4,2.9E-4,2.2E-4,2.2E-4,2.2E-4,1.4E-4,7.SE"5
Sample Run Number Five - Error and 'Warning Messages

1 41 '1 1

8.93e-7
KR85RN220RN222AG107

1.0 1.0 1.0 1.0



C.5.2 Sample Output File

ee*eee~eeeeeeeIsdose V1,0***i~*eeoc*e**i*i Date 31-JUL-85

Sample Run Number One - Population Run

The Amount of Time is 26.0 years.

The X/Q s Used(sec/cubic meters): 8.930000E-07
2.010000E-07
9.B20000E-08
6.1BOOOOE-08
4.490000E-08

(i'he

Radionuclides and Their Releases(Ci/yr):

H3

C14
KR85
I 129

F0218
P8214
BI214
F0214
F8210
BI210
P0210
F0216
P8212
BI212
PO212
TU208

32.0000
0.260000

18000.0
3.200000E-02
2.900000E-04
2.800000E-04
2.800000E-04
2.900000E-04
2.800000E-04
2.900000E-04
2.900000E-04
2.200000E-04
2.200000E-04
2.200000E-04
1.400000E-04
7.800000E-05

Wind Frequencies and Populations:

Wind Freq
N 0. 190 916.

NNE 0. 110 16.
NE 0.110 16.

ENE O.OBO 69.
E 0.060 69.

ESE 0.030 69.
SE 0.040 69.

SSE 0.040 69.
S 0.080 68.

SSW 0.050 69.
SW 0.040 69.

WSW 0.020 69.
W 0.030 69.

WNW 0.020 69.
NW 0.050 16.

NNW 0.070 16.

47. 78.
47. 78.
47. 873.
47. 873.

206. 15600.
206. 559.
206 '59.
206. 343.
206. 16200.
206. 343.
206. 343.
206, 343.
206. 343.
47. 78.

269. 78.
47. 78.

124.
110.

1230.
71200.
61300.
11200.

787.
649.
649.

4490.
483.
483.
124.
110.
110.
110.

159.
301.

1580.
5810.
1010.
1010.
1320.
6150.
832.

2370.
867.
673.
500.
159.
159.
159.

+Warning -- KR85 not in Inhalation Dose Factor Library, assumed to be zero
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Sample Run Number One - Population Run

Annual dose from a 1 year release

Date 31"JUL-85

Radionuclide Inhalat1on Dose(person-mrem) Submersion Dose(person-mr em)

H3
C14

KR85
I 129

P0218
PB214
BI214
P0214
PB210
61210
P0210
P0216
PB212
BI212
P0212
TU208

Total

4.26697E-02
1.31763E-04
0.00000E+00
0. 11487
1.16861E-04
4. 10282E-05
3.62518E-05
0.00000E+00
7.96070E-02
1.16349E-03
4.82541E-02
0.00000E+00
7.43280E-04
8.08317E-OS
0.00000E+00
1'!49881E-08

0.28762

14.80%
0.

05'%.

00%
39.94%
0.04%
0.01%
0.01%
0.00%

27.68'/
0.40%

16 ~ 78%%uo

0.00%
0.26%
0.03%
0.00%
0 ~ 00/o

100.00%

0.00000E+00
1.89701E "06
16.916

4.59459E-OS
7.43474E-'ip
1.24236E-OS
4.27061E-09
9.80299E-OS
6.64856E-08
2,56237E-07
0.00000E+00
0.00000E+00
5.559 16E-06
6.07457E-OS
9.41810E-05
1.16953E-10

16.S15

0.00%
0.

00'%00.00%

0.
00%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0 00'/
0.Op
0.00%
0 OQ%%u

0.Qp%%uo

100.00%

50 Year dose commitment from a 26.000 year release

Radionuclide Inhalation Dose(person-mrem) Submersion Doseiperson-mrem)

H3
C14

KR85
I 129

P0218
P8214
BI214
P0214
PB210

;.-, BI210
P0210
P0216
PB212
BI212
P0212
TU208

1.1068
3.42585E-03
O.OOOOOE+00
2.9866

3.04099E-03
1.06673E-03
9.42547E"04
0.00000E+00
2.0698

3.02507E-02
1.2546

0.00000E+00
1.93253E-02
2. 10162E-03
0.00000E+00
3.8969OE-07

1 4 ~ 80%
Q 05/
0.00%

3S.94%
0.04%
0 ~ 01%
0.01%
P.PP%

27.68%
0.40%

16.78%
0.00%
0.26'/o

0 03%
0.00%
0.00%o

0.00000E+00
4.93222E-OS
439.79

1.19459E-03
1.93303E-08
3.23013E-04
1.11036E-07
2.54878E"04
1.72863E-OS
6.66215E"06
0.00000E+00
0.00000E+00
1.44538E-04
1.57939E-03
2.44871E-03
3.04078E-09

0.Op%%uo

0.00%
100 F 00%

0.00'h

0.Op%%uo

'.00%
0.00'/o

0.00%
0.00'/o

0.00/o
0, Qpoo

0 QQ/

0 OQ'/

O. 00%
P.PP%
0.00%

Total 7.4780 100.00% 439.80 100.00%

w*wEnd of Run Number 1
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*s~*****e**~e~IsdoseV1.O~******i********* Date 31-JUL-85

Sample Run Number Two - Accident Population Run

Accident Case Run

The X/Q s Used(sec/cubic meters): 8.930000E-07
2.010000E-07
9.620000E-OB
6.160000E-08
4.490000E-OB

The Radionuclides and Their Releases(Ci):

H3
C14

KR85
I 129

F0218
P8214
BI214
F0214
PB210
BI210
P0210
F0216
P8212
BI212
F0212
TU208

32.0000
0.260000

19000.0
3.200000E-02
2.900000E-04
2.900000E-04
2.900000E-04
2.900000E-04
2.900000E-04
2.900000E-04
2.900000E-04
2.200000E-04
2.200000E-04
2.200000E-04
1.400000E-04
7.800000E"05

Wind Frequencies and Populations:

'Wind Freq
N 0.000

NNE 0.000
NE 0.000

ENE 1.000
E 0.000

ESE 0.000
SE 0.000

SSE 0.000
5 0.000

SSW 0.000
SW 0.000

wsw O.noo
W 0.000

WNW 0.000
NW 0.000

NNW 0.000

0.
0.
0.

69.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.

47.
0.
0.
0.
0.
0,
0.
0.
0.
0.

0.
0.

0. 0
0. 0
0. 0

873. 71200
0. 0
0. )j 0
0.,!'

„P \I P
0. 0
0. 0
0. 0
0. 0
0. 0
0. 0
0. 0
0. 0

0.
0.
0.

5810.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

***Warning -- KR85 not in Inhalation Dose F6ctor Library, assumed to be zero
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Sample Run Number Two - Accident Population Run Date 31-JUL-85

50 year dose cosini tment

Radionuclide Inhalation Dose(person-mrem) Submersion Dose(person-mrem)

H3
C14

KR85
I 129

P0218
P8214
BI214
P0214
PB210
BI210
P0210
P0216
PB212
BI212
P0212
TU208

Total

0.19361
5.992898-04
O.OOOOOE+00
0.52244
5.319478-04
1.8659SE-04
1.6487eE-o¹
0,00000E+00
0.38206
5.291625-03
0.21946
0.00000E+00
3.38049E-03
3.67629E-04
0.00000E+00
6 '1669E-08

1.3081

1¹.80%
0.05%
O.OOX

39.94%
0.04K
0.01%
0.017o
0.00%

27.68%
0.40%

16.78'X
0.Oo%%d

0.26K
0.03X
O.OOX
O.OOX

100.OOX

0 .00000E+00
8.62773E-06
76.931

2.08985E-04
3.38137E-OS
5.65034E-05
1.94230E-08
4.45847E-05
3.02381E-07
1 .16538E-06
0.00000E+00
0.00000E+00
2.52834E-05
2.76276E"04
4.28342E-04
5.31911E-10

76.932

O.OOX
0.00%

100.OCR

O.oo%%d

O.OOX
0.00'8
0.00%
O. Ooyo

0.00'L
0.Ooyo

o.oox
O.OOX
0.00'L
0, OOX

O.OOX
O.oo%%d

100.Oo%%d

***End of Run Number 2
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a*see*es~eeaeeIsdose V1.0<~~~~»»a«***~~ Date 31-JUL-85

Sample Run NL~r Three - Maximum Individual

The Amount of Time is 26.0 years.

The X/0 s Used{sec/cubic meters): 8.930000E-07

The Radionuclides and Their keleases(Ci/yr):

H3
014

KR85
I 129

P0218
PB214
BI214
P0214
PB210
BI210
P0210
P0216
PB212
BI212
PD212
TU208

32.0000
0.260000

18000.0
3.2000005-02
2.900000E"04
2.900000E-04
2.9000008-04
2.900000E-04
2.900000E"04
2.900000E"04
2.9000005-04
2.200000E"04
2.200000E-04
2.2000005-.04
1.400000E-04
7.8000GOE-OB

This is a Maximum Individual Dose Run

+>Ma ning -- KR85 not in Inhalation Dose Factor Library, assumed to be zero
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Sample Run Number Three - Maximum Individual

Annual dose from a 1 year release

Date 31-JUL-85

Radionuclide Inhalation Dose(mrem) Submersion Doseimrem)

M3

C14
KR85
I129

P0218
PB214
BI214
P0214
PB2'10
SI210
P0210
P0218
PB212
BI212
P0212
TU208

Total

2.52040E-03
7.80125K-OS
0.00000E+00
8.801CSE-03
8.92488E-06
2.42914E-OS
2. 148348-08
0.OOOOOE+00
4.71325E-03
8.888808-05
2.85696E-03
0.00000E+00
4.40070K-05
4.78577K-06
0,00000E+00
8.87392K-10

1.702878-02

14.80%
0.05%
0.00%

39.94%
0.04%
0, 01%%uo

0.01%
0.00%

27.
68'%.40%

16.78%
0.00'/
0.26%
0.0+<
0.00%o

0:00%

100.00%

0.00000K+00
1.12315K-07
1.0015

2.720308-08
4.40185K-11
7.355588-07
2.52848K-10
5.80401E-07
3.93838E-OS
1.51709K"08
0.00000K+00
0.00000E+00
3.29138E-07
3.59854E-OS
5.57613E-06

'll

e o 82439E-12

1.0015

. 0.00%
0.00%

100.00%
0.00%
0.00%
0.00%
0.

00'%.

00%
0,00%
0.00%
0.00%
0.00%
0.00%%d

0.'00%
0.00%
0.00%

100.00%

50 Year dose commitment from a 26.000 year release

Radionuclide Inhalation Doseimr em'I Submersion Doseimt eml

H3
C14

KR85
I128

P0218
PB214
SI214
P0214
PB210
SI210
P0210
P0218
PS212
SI212
P0212
TU208

Total

6.55305E-02
2.02832E-04
0.00000K+00
0. 17883
1.80046E-04o
8.31578E-05
5.58049E-05
0.00000E+00
0. 12254
1.79104E-03
7.42809E-02
0.00000E+00
1.14418E-03
1.24430E-04
0.00000E+00
2.30722E-OB

0.44275

14.80%
0.05%
0.00%

38.94%%d

0.04%
0 01%%u

0.01%
0.00%

27.68%
0.40%%d

16,7S%
0.00%
0.26io
0.03%
0, 00%%uo

0.00%%uo

100 F 00%

li
0.00000E+00
2.92020E-OS
26.039

7.07277E-05
1.14448E-09
1.91245E-05
6.57405E-OS
1.50904E-05
1.02346E-07
3.94443E-07
0,00000E+00
0.00000E+00
8.55759E-OS
9.35101E-05
1.44S79E-04
1.800348-10

26.039

0.00%
0.00%%uo

100,00%
0.90%
0,00%
0,00%%d

0 ~ 00/o
0.00%
0.00'/o

0.00%%uo

0, 00%
0.

00'%,

00%%uo

0.00%%d

0.00%
0.00%

100.00%

+*+End of Run Number 3



~ ~ ~ ~ ~*~*~»~**Isdose V1.0~*»~ e o «» ~ ~ «*~ Date 31-JUL-85

Sample Run Number Four - Maximum Individual Accident Run

Accident Case Run

The X/Q s Usedlser/cubic metersl: 8.930000E-07

The Radionuclides and Their Releases(C1>:

H3
C14

KR85
1129

P0218
PB214
BI214
P0214
PB210
BI210
P0210
P0216
P8212
BI212
P0212
TU208

32 .0000
0.260000

19000.0
3.200000E-02
2.90000OE-04
2.900000E"04
2.900000E-04
2.SOOOOOE-04
2.900000E-04
2.9000008-04
2.900000E-O4
2.200000K-04
2.200000E-04
2i200000E-04
1.400000E"04
7.800000E-05

This is a Maximum Individual Dose Run

~*~Marning -- KR85 not in Inhalation Dose Factor Library, assumed to be zero
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Sample Run Nuwher Four - Maximum Individual Accident Run Date 31-4JL-85

50 year dose cownitment

Radi onucl 1de Inha1 ation Dose(mrem) Submersion Dose(mrem)

H3
014

KR85
I 129

P0218
PB214
BI214
P0214
P8210
BI210
P0210
P0216
PB21
BI212
P0212
TU208

Total

2.52040E-03
7.S0125E-06
0.OOOCOE+00
B.S0109E-03
6.92486E-OB
2.42914E-06
2.14834E-06
0.00000E+00
4.71325K-03
6.88880E-05
2.85698E-03
0.00000E+00,
4.40070E-OS
4.78577E-06
0.00000E+00
8.87392E-10

1.70287E-02

14.80%
0.05%
0.00%

39.94%
0.04%
0.01%
0.01%
0, 00%

27.68%
0.40%

16.78%
0.00%
0.28%
0.03%
0.00%
0.00%

100.00%

0.OOOOOE+00
1.12315E-07
1.0015

2.72030K-06
4.40185E-11
7.35558K-07
2.5284SE-10
5.80401E-07
3.93838K-OS
1.51709K-OS
0.00000K+00
0,00000K+00
3.2913SE-07
3,5S654K-06
5.57613E-06
B.S2439K-12

1.0015

0.00%
0.00%

100.00%
0.00%
0.00%
0.00%
0.00%

" 0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

100.00%

**«End of Run Numbe) 4

97



»~»»»»»»»*»***Isdose V1.0»*»«*»»»»»»»»»» Date 31-JUL-85

Sample Run Number Five - Error and Warning Messages

Accident Case Run

T X/0 s Usedisec/cubic meters): 8.830000E-07

The Radionuclicies and Their Releases(CI ):
KR85

RN220
RN222
AG107

1.00000
1.00000
1 .00000
1 .00000

This is a Maximum Individual Dose Run

»*»Warning -- KR85 not in Inhalation Dose Factor Libtary, assumed to be zero

»«Warning --RN220 not in Inhalation Dose Factor Library, assumed to be zero

*»*Warning --RN222 not in Inhalation Dose Facto Library, assumed to be zero

»»»Error --AG107 is not in Nuclide Library, input data set skipped

»*End of Run Number 5
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C.6 PMGRlM LISTING

Pr ogr am ISDDSE
C-
C
C
C Ver sion 1.0
C
C

C
C

C

C Description
C

C

C

C

C

C,

C

C
- C Radionuclides

C
C H3 C14
C Y90 NB95
C CE144 EU154
C P82 12 P0214
C RN220 RN222
C CM242 CM244
C

C
C
C
C

C
C

C

C
C

C

C

C
C

C

C
C

C

C

C
C

C
C

C
C

C

C

C

C

C

Author al. Furr

Language Fortran

contained in Libraries

KR85
CS134

'8210
P0216
PU24'1

MN54

RU106
TU208
81214
PU238
P0210

C060
TE125
81210
,P62 14
'PU239

NI 63
I 129

P0210
P0214
PU240

SR90
CS137
BI212
P0218
AM24 1

Varlab)es used

The Chi/q value used f'r each sector
The date
Dose factor variable
Unit conversion facto~
Inhalation dose factor 11{)rary
Inha)ation dose for each inputted Radianuc)ide
Supination of the Inhalation dose
Maximum Indi vidua) dose f lag

( iiAccident case flag
Radionuclide library search flag
Inhalation dose for each nuclide for each sector
Radionuclide Inhalation dose percentages
Inhalation rate
Inhalation percentages summation
Mind Direction Code entered in an Accident Run
The number of Rad(onuc) ides
The number of annu)i
Population for each sector
Radionuclide re)ease quanity
Radionuclides used
The radionuclides library
Units convertion factor
Submersion dose factor library
Submersion dose for each inputted Radionuclide
Su)maation of the Submersion dose
Submersion dose for each nuclide for each sector

Ch1q{20)
Day
Dsf
Icf
Idf (37 )

Idose<37)-
Idsum
If lag
If lag2
index
Indose
Iper t
Ir
Ispert
Iud
K

Pop(16,20)-
0{37)
Rn(37)
Rnl ib( 37 )
Scf
Sdf (37)
Sdose(37)-
Sdsum
Sbdose

,/
I

This program can calculate Inhalation and Submersion
doses. It contains two ) ibraries, one for inhalation abd
one for submersion, each with the same 37 radionuclides and
their dose factors, It can calculate the doses for normal
and accidental releases. It can also calculate either
population or maximum individua) doses,
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C
C

C
C

C
C

C
C-

Spar t
Sspert
T
Ti tie
Wf (16)

Radionuclide Submer sion dose percentages
Submers 1 on percentages susInat 1 on
T (me
The title of the run
Wind frequencies for each sector

Dimension Chi q(20), WF (16!,Pop( 16,20),Q(37 ) .Sdf (37)
Character $ 5 Rnt 37),Rnl lb(37)
Character Day$ 9,Title$ 65
Character*3 Wind( 16 )

Real Icf, Ir, Scf, Idose(37 ), Indo: t,Sdose( 37 ),Sbdose, Idf(37 )+,Ipert, Idsum, Ispert

Data Rnl ib /'3', '14', 'N54', '060', 'I63', 'R85',
+ 'R90'," Y90'. 'B95', 'RU106', 'TE125', '129', 'CS134',
+ 'CS137' 'CE144', 'EU154', '81210', 'PB210', 'PB212', 'PB214',
+ 'RN220','RN222','PU238','PU239', PU240','PU241','AM241',
+ 'CM242', 'CM244', 'P0210', 'BI212', 'BI214', 'TU208', 'P0218',
+ 'P0214', 'P0216', 'P0212'/

Data Idf
+
+
+
+

/6,3E-2,2.4E-2.6.3, 1.5E2,3.1,"99,99,1.3E3,8.1,4.4,4.4E2,
6.7.1.7E2,4.8E1,3.2E1,3.5E2,2.BED1.9E2,1.3E4,1.6E2,
6.7,"99.99,-99.99,4.4E5,5.2E5,5.2EB,1.0E4,5.2E5,
1.7E4,2.7E5,7.88E3, 1.74E1,5.92,9.10E-3,1.91E1,0.0,
0.0,0.0/

Data Sdf
+
+
+
+

/0.0,2, 18E5,4.4489, 1.31E10,0.0,2.66E7,1.07E7,7.33E7,
4.0359„0.0,5.03E7,4.29E7,8.14E9,8.36E6,9.44E7,6.5989,
2.64E7,6.85E6,7.55EB,1.28E9,2.67EB,1.98E6,4.7E5,4.26EB,
4.63E5,0.0,9.66E7,5.25E5,4.48E5,0.0,8.25E9,4.4E5,
4.48E4,7.6BE4.1.0109,0.0,2.01E10/

Data Wind /'','NNE','E','ENE','','ESE','E','SSE','',
+ 'SSW','W'.'WSW','','WNW' 'W','NNW'/

I

Scf$3.17E-OB ! (Micro-Ci ) x m$ *3 x yr/Ci x CM**3 x Sec
Icf $ 11.57 ! Day x (Micro-Ci) / sec x Ci
Ir *20. ! M$ *3 x (air breathed) / day

Do In$ 1, 10000
C

C K is number of Radionuclides,N is number of annuli:
C

21
Read(8,21,end$ 999)Title
Format(a65)
Read(8, $ )N,K, T, If lag, If lag2
If(iflag .gt. 0)N$ 1

Read( 8, $ ) ( Chi q( I ), I*1,N)
Read(8, 1)(Rn(I ), I ~ 1,K)
Read(8, $ ) (Q(I ), I ~ 1,K)

C

C If lag check for Maximum Individual Dose Run
C

.)If ( 1 f l ag. gt. 0)then
Pop(1,1)$ 1

Wf (1)$1

End 1f
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C
C Iflag2 check for Accident Case Run

C
If ( If 1ag2. gt. 0)then

t%1.0
If(If lag .le. 0)then

Do 1 1 ~ 16
Mf (1)%0.0
Do j*1,20

Pop( l, j 1*0.0
End do

End do

C If not Maximum Individual run input the Wind direction and population

Read(8 ~
> ) Iud, (Pop( Iud, I ), I*1.N)

Mf (Iud)%1.0

end if
end lf

Normal Case Population and Wind frequency Read

If ( 1 flag. le.O.and. 1 flag2.1e.0)then
Read(8,% ) (Wf ( I ), I*1,16)
Read(8,% ) ( (Pop(I, J ), I%1,16),J%1,N)

End if

1 Format(10a5)
C

Echo out the Input Var iables
C

Call Date(Oay)

100

Write(9,99 )Day
Format(ill %%%%»%%%%%%%%Zsdose V1.0%%%%%%%%%%%%%%%%%I,5X,

$ 'Date ',aS,/)
Write(9, 100)Title
Format('/',a65/)

1003

101

102

103

', 1pQ13.6, )

If ( if 1a92.gt.0)then
Write(9, 1003)
Format('ccident Case Run '/)
Wr 1 te( 9, 101)Chi q( 1 )
Format('he X/0 s Used(sec/cubic meters',: ', 1p613.6,)
Do i%2,N

Write(9, 102)Chiq( 1)
Format('nd

do
Write(9, 103)
Format(/,'he Radlonuclldes and Their Releases',

'(Cl): I,/)

else
Write(9 ~ 1005)T

1005 format(' The Amount of Time ls ',f8.1,'ears.'/)
Mrite(9, 101)Chlq(1)
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1035
S

End if
Do 1 ~ 1,K

Write(9, 104)Rn(1) ~ Q( ( )

104 Format (
'nddo

', a5, 5x, 1pG13.6)

Do (~2,N
'Write(9 '02)Ch(q( 1)

End do
Write(9 ~ 1035)
Format(/,'he Radionuclides and Their Releases',

'(Ci/yr): ',/)

105

106

107

108

If ( If 1 ag. le.0) then
Mrite($ , 105)
Format(/'ind Frequencies and Populations:'/)
Write(9, 106 )

format(4x,'ind Freq',)
Do 1*1,16

Write(9,107)M(nd( 1 ),Wf (1),(Pop(I,J),J=1,N)
Format(' ~ a3,F8.3,1x,12(F7.0,1x))

End do
Else

Write(9, 108)
Format(//'his is a Maximum Individual Dose Run'//)

End if

Idsum=O.
Sdsum=O.

C

C Calculation of Inhalation Dose
C

C Find inhalation Dose Factors from the Library
C

Do J<1,K

Idose(,j ) =0.
Sdose(j )=0.
Index-"-5

C

C

C

Do I=1,37
If (Rnl ib( I ) .eq, Rn( 0) ) Index=I

End do

10
S

Test to~see if Element is
(re

library
I

If( Index. lt.O)then
Write(9, 10)Rn(J)
Format(/'»Error --",,A5,'s not 1n Nuclide Library',

input data'rset sk1pped')
Go,to 998 ,r

end if

20
S

Dsf =Idf ( Index) «Ir I

If (Dsf . 1 t.0)Then
Write(9,20)Rn(J)
Format(/'eeMarnlng —'.A5."ii not in Inhalat1on Dose '.

'Factor Library, asi'umed to be zero')
r

10,2
't,



Dsf 0.0
End if

Do I«1,N
Do Ik*1,16

Indose«Q( J ) «Chi q( I ) «Pop( Ik, I ) «Wf ( Ik ) «Dsf
Idose(j )*Indose+Idose(j )

End Do
End Do

C
C Find the Submersion Dose Factor
C

Dsf «Sdf ( Index) *Scf
Do I«1,N

Do Ik«1, 16
Sbdose«Q( J)*Chiq(I )*Pop(Ik, I i«Wf (Ik) «Osf
Sdose( j ) = Sdose( j ) +Sbdose

End Do
End Do

Idsum«Idsum + Idose( j )
Sdsum«Sdsum + Sdose(j )

C

C

C

End do

Print the Output

13
Wr i te(9, 13)T(tie, Day
Format( '1', a65, 'ate ', a9, / )

If ( if lag2. le.0)then

49
Write(9,49)
Format('nnual dose fron~ 1 year release',/)

If (If lag . le. 0 )then
Write(9,25)

Else
Write(9,26 )

End if

Ispert«0.0
Sspert«0.0
Do j«1,K

Ipert «( Idose( j ) /Idsum) *100.
Spert«(Sdose( j )/Sdsum)*100.
Ispert«Iper t+Ispert
Sspert«Spert+Sspert

,QO

Write(9,30)Rn(J), Idose(j ),Ipert,Sdose(j ),%pert
For(«~t( 10x,A5,2( Sx, ip613. 5,5x,Opf6,2, 'X'))

End do

35
Write(9,35)
Format(15x,5x, 13( '- ',Sx,6( '- ',6x, 13( '- 'ii,5x,6( '- ' )
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l,L

40
Write(9,40) Idsum, Isper t, Sdsum, Ssper t
Format(10x, 'Total ',2(5x,1PG13.5,5x,OPF6.2, '%') )

end if

14

If ( i f )ag2. gt. 0 r then
Wr i te(9, 14)
Format( ',//'0 year dose corrmritment'/)

el se
Write(9,15)T

end if

If(If lag .le. 0)then
Write(9,25)

Else
Wr ite(9,26)

End

15
+

25

+
26

+

Format( ',//'0 Year dose corrmritment from a ',f8.3,
'ear release'/)

For mat(/,7x,'Radionuclide',2x,
'nhalation

Dose(person-modem)',

2x, 'Submersion Dose(person-mrem)'/ )
Format(/,7x,'Radionuclide',2x,

'Inhalation Dose(mrem)',
Sx, 'Submer'sion Dose(mrem)'/ )

Idsum=Idsum*t
sdsum=sdsum*t

Ispert=0.0
Sspert=0.0
Do j-"1,K

Idose(d)=ldose(j)*t
Sdose(j )=Sdose(j )~t
Ipert=Idose( j )/Idsum100.
Spert=Sdose(j)/Sdsum+100.
Ispert=Ipert+Ispert
Sspert=spert+Sspert

Write(9,30)Rn(J), Idose(j),r"ert,Sdose(j),Spert
End do

998
16

Write(9,35)
Write(9,40)Idsum, Ispert,Sdsum,Sspert
Write(9,16)In
Format(///, '**End of Run Number',13)

End do

998 Stop
End
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JOHN WILLIAM KENNEY, III

NUCLEAR ASSURANCE CORP
jOHN V. HOUSTON

NUCLEAR ENERGY AGENCY/OECD-FRANCE

ANTHONY MULLER
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NUCLEAR REGULATORY COMMISSION
BANAD N, JAGANNATH

NUClEAR SAFETY RESEARCH ASSOCIATION

HIDETAKA ISHIKAWA

NUCLEAR WASTE CONSUI.TANTS

ADRIAN BROWN

NUS CORP
W. G, BELTER

RODNEY J. DAVIS

JUAN M. NIETO

DOUGLAS D. ORVIS
YONG M. PARK

NWT CORP
W. L. PEARL

OAK RIDGE NATIONAl LABORATORY

I, O. BLOMEKE

H. C. CLAIBORNE

ALLEN G. CROFF
LESLIE R. DOLE

DAVID C. KOCHER

T. F. LOMENICK

E. M. OBLOW
FRANCOIS G. PIN

ELLEN D. SMITH
SUSAN K. WHATLEY

OHIO DEPT OF HEALTH

ROBERT M. QUILLIN
OHIO ENVIRONMENTAL PROTECTION AGENCY

HAROI.D W. KOHN
OKlAHOMA STATE DEPT OF HEAlTH

R. L. CRAIG
ONI'ARID DEPT OF CIVIL ENGINEERING

F. SYKES

ONTARIO HYDRO-CANADA
R. W. BARNES

I, A. CHADHA

K. A. CORNELL

C, F. LEE

ONTARIO RESEARCH FOUNDATION-CANADA
LYDIA M. LUCKEVICH

ONWI
JAMES R. SCHORNHORST

ORANGE COUNTY COMMUNITY COI.I.EGE
LAWRENCE E. OBRIEN

OREGON DEPT OF ENERGY

DAVID A. STEWART-SMITH

ORGANIZATION FOR ECONOMIC

COOPERATION AND DEVELOPMENT-FRANCE

STEFAN G. CARLYLE

PACIFIC NORTHWEST lABORATORY

DON J. BRADLEY

H. C. BURKHOLDER

JOHN B. BURNHAM

T. D. CHIKALLA

CHARLES R. COLE
FLOYD N. HODGES

J. H. JARRETT

CHARLES T. KINCAID

MAX R. KREITER

J. M. LATKOVICH

J. M. RUSIN

R. JEFF SERNE

STEVEN C. SNEIDER

R. E. WESTERMAN

PARSONS BRINCKERHOFF QUADE Bc DOUGLAS

INC
T. R. KUESEL

ROBERT PRIETO
PARSONS BRINCKERHOFF/PB-KBB

J. R. SCHMEDEMAN

PARSONS-REDPATH

KRISHNA SHRIYASTAVA

GLEN A. STAFFORD

PB KBB INC

JUDITH G. HACKNEY

PENNSYlVANIA STATE UNIVERSITY

MICHAEl GRUTZECK
DELlA M. ROY
WILLIAM B. WHITE

PERRY COUNTY CITIZENS AGAINST NUCLEAR

WASTE DISPOSAL
DOROTHY G. COLE
DURLEY HANSEN

PHYSIKALISCH-TECHNISCHE BUNDESANSTAlT-
W. GERMANY

PETER BRENNECKE

POBERESKIN INC
METER POBERESKIN

POTASH CORPORATION OF SASKATCHEWAN ~

CANADA

GRAEME G. STRATHDEE

POTASH CORPORATION OF SASKATCHEWAN

MINING LIMITED

PARVIZ MOTTAHED

POWER REACTOR AND NUCLEAR FUEL

DEVELOPMENT CORP-JAPAN
PRESEARCH INC

MARTIN S. MARKOWICZ
PROGRAM REVIEW COMMITTEE

THOMAS H. LANGEVIN

PUBLIC SERVICE ElECTRIC Bc GAS

IOHN I, MOLNER

R.J. SHLEMON AND ASSOCIATES INC

R. J. SHI.EMON
RADIAN CORPORATION

RICHARD STRICKERT

RANDALL COUNTY LIBRARY

RAYMOND KAISER ENGINEERS

W. J. DODSON
RE/SPEC INC

GARY D. CALLAHAN

PAUL F. GNIRK
RENEWABLE ENERGY COUNCIL OF NORTH

CAROLINA

JANE SHARP
RENSSElAER POLYTECHNIC INSTITUTE

BRIAN BAYLY

RHODE ISlAND OFFICE OF STATE PLANNING

BRUCE VILD

RISO NATIONAL lABORATORY —DENMARK

LARS CARLSEN

ROCKWELL HANFORD OPERATIONS
RONALD C. ARNETT

JAMES L. ASH
'ARRY BABAD

G. S. BARNEY

BRAD ERLANDSON

SALLY C. FITZPATRICK

KUNSOO KIM

MICHAEL J. SMITH
ROCKWELL INTERNATIONAL ENERGY SYSTEMS

GROUP
ROGERS Bc ASSOCIATES ENGINEERING CORP

ARTHUR A. SUTHERLAND

ROY F. WESTON INC

DAVID F. FENSTER

MARTIN HANSON
VIC MONTENYOHL
SAM PANNO

JILL RUSPI
LAWRENCE A. WHITE

ROYAI. INSTITUTE OF TECHNOLOGY-SWEDEN
IVARS NERETNIEKS

ROGER THUNVIK
ROYCES ELECTRONICS INC

ROYCE HENNINGSON

S.E. LOGAN Bc ASSOCIATES INC
STANLEY E. LOGAN

SALT IAKE CITY TRIBUNE

JIM WOOLF
SAN DIEGO GAS Bc ELECTRIC COMPANY

LOUIS BERNATH

SAN JOSE STATE UNIVERSITY SCHOOL OF
ENGINEERING

R. N. ANDERSON
SAN JUAN RECORD

JOYCE MARTIN
SANDIA NATIONAL lABORATORIES

JOY BEMESDERFER

MARGARFT S. CHU
ROBERT M. CRANWELL

JOE A. FERNANDEZ

ROBERT GUZOWSKI
THOMAS O. HUNTER

A. R. LAPPIN

MARTIN A. MOI.ECKE
JAMES T. NEAL

E. J. NOWAK

SCOTT SINNOCK
LYNN D. TYLER

WENDELL WEART

SARGEiNT Bc LUNDY ENGINEERS

LAWRENCE L HOLISH
SAVANNAH RIVER LABORATORY

E. J. HENNELLY

CAROL JANTZEN

WILLIAM R. MCDONELL
SCIENCE APPLICATIONS INTERNATIONAL CORP

JEFFREY ARBITAL

MARY LOU BROWN

IERRY I. COHEN

BARRY DIAL

IAMES E. HAMMELMAN

ROBERT R. JACKSON
DEAN C. KAUL

DAVID H. LESTER

PETER E. MCGRATH

JOHN E. MOSIER
DOUGLAS A. OUTLAW

HOWARD PRATT

MICHAEL E. SPAETH

ROBERT T. STULA

M. D. VOEGELE
KRISHAN K. WAHI

SENECA COUNTY DEPT OF PLANNING 8c

DEVEI.OPMENT

SHAFER EXPLORATION COMPANY

WILLIAM E. SHAFER

SHANNON 8c WILSON INC

HARVEY W. PARKER

FRANK S. SHURI

SHIMIZU CONSTRUCTION COMPANY

LTD—jAPAN

TAKAS Hl I 5 HI I

SIERRA CLUB
MARVIN RESNIKOFF

SIERRA CLUB—COLORADO OPEN SPACE

COUNCIL
ROY YOUNG

SIERRA CLUB LEGAL a)EFENSE FUND

H. ANTHONY RUCKEL

SIMECSOL CONSULTING ENGINEERS —FRANCE
MATI'HEW LEONARD

SKBF/KBS-SWEDEN
C. THEGERSTROM

SOGO TECHNOLOGY INC

TIO C. CHEN

SOUTH DAKOTA GEOLOGICAL SURVEY

MERLIN J. TIPTON

r>



,,

hh'OUTH

DAKOTA OFFICE OF ENERGY POLICY

STEVEN M. WEGMAN
SOUTHERN CAUFORNIA EDISON CO

JOHN LAD ESICH

SOUTHWEST RESEARCH AND INFORMATION

CENTER

DON HANCOCK

SPRING CREEK RANCH

DALTON RED BRANGUS

SRI INTERNATIONAl IPS 285)
DIGBY MACDONALD

ST 5 E TECHNICAL SERVICES INC

STANLEY M. KLAINER

STANFORD UNIVERSITY

KONRAD B. KRAUSKOPF

GEORGE A. PARKS

IRWIN REMSON

STATE PLANNING AGENCY

GREGG LARSON

STATE UNIVERSITY OF NEW YORK AT

CORTlAND

JAMES E. OUGH

STONE Bt WEBSTER ENGINEERING CORP

NANCY E. PEARSON

jOHN PECK

EVERETT M. WASHER

STUDIO GEOLOGICO FOMAR-ITALY

A. MARTORANA

STUDSVIK ENERGITEKNIK AB-SWEDEN
AKE HULTGREN

ROLF SJOBLOM

SWEDISH GEOLOGICAL

LEIF CARLSSON

SWISHER COUNTY LIBRARY

SYRACUSE UNIVERSITY

WALTER MEYER

j. E. ROBINSON

SYSTEMS SCIENCE AND SOFTWARE

PETER lAGUS
TECHNICAL INFORMATION PROJECT

DONALD PAY

TERRA TEK INC

DANIEL D. BUSH
TERRAFORM ENGINEERS INC

FRANCIS S. KENDORSKI

TEXAS A 5 M UNIVERSITY

JOHN HANDIN

JAMES E. RUSSELL

TEXAS BUREAU OF ECONOMIC GEOLOGY

WILLIAM L. FISHER

TEXAS DEPT OF HEALTH

DAVID K. LACKER

TEXAS DEPT OF WATER RESOURCES

T. KNOWLES

TEXAS GOVERNORS OFFICE

STEVE FRISHMAN

TEXAS STATE HOUSE OF REPRESENTATIVES

JULIE CARUTHERS

TEXAS TECHNICAL UNIVERSITY

C. C. REEVES, JR.
TEXAS WORLD OPERATIONS INC

DAVID JEFFERY

THE ANALYTIC SCIENCES CORP

JOHN W. BARTLETT

CHARLES M. KOPLIK

THE BENHAM GROUP
KEN SENOUR

THE DAILY SENTINEL

JIM SULLIVAN

THE EARTH TECHNOLOGY CORP

FRED A. DONATH 12)

JOSEPH G. GIBSON
DAN MELCHIOR

JAMES R. MILLER

FIA VITAR

MATT WERNER

KENNETH L WILSON
THE RADIOACTIVE EXCHANGE

EDWARD L HELMINSKI

THE SEATTlE TIMES
ELOUISE SCHUMACHER

THOMSEN ASSOCIATES

C. T, GAYNOR, II

TIMES-PICAYUNE

MARK SCHLEIFSTEIN

TIOGA COUNTY PlANNING BOARD

THOMAS A. COOKINGHAM
U.H.D.E.-W. GERMANY

FRANK STEINBRUNN

U.S. ARMY CORPS OF ENGINEERS

DON BANKS

ALAN BUCK

U.S. BUREAU OF lAND MANAGEMENT

GREGORY F. THAYN

U.S. BUREAU OF MINES

ANTHONY IANNACCHIONE

U.S. BUREAU OF REClAMATION

ATTN:

JOHN BROWN

U.S. DEPT OF COMMERCE

PETER A. RONA

U.S. DEPT OF ENERGY

RICHARD BLANEY

REBECCA BOYD
C, R. COOLEY Ij)
R. COOPERSTEIN
NEAL DUNCAN

JIM FIORE

lAWRENCE H. HARMON

CARL NEWTON

MICHAELENE PENDLETON (2)

PUBLIC READING ROOM
JANIE SHAHEEN

U.S. DEPT OF ENERGY-CHICAGO OPERATIONS

OFFICE
ERIC J. MOTZ
PUBLIC READING ROOM
R. SELBY

U.S. DEPT OF ENERGY-ENGINEERING AND

I.ICENSING DIVISION
RALPH STEIN

U.S. DEPT OF ENERGY—IDAHO OPERATIONS

OFFICE
JAMES F. LEONARD

PUBLIC READING ROOM
U.S. DEPT OF ENERGY - OAK RIDGE

OPERATIONS OFFICE
PUBLIC READING ROOM

U.S. DEPT OF ENERGY—OFFICE OF ENERGY

RESEARCH

FRANK J. WOBBER
U.S, DEPT OF ENERGY—OSTI I312)
U.S. DEPT OF ENERGY-RICHlAND OPERATIONS

OFFICE
D. H. DAHLEM

U.S. DEPT OF ENERGY—SAlT REPOSITORY

PROJECT OFFICE

J. O. NEFF

U.S. DEPT OF ENERGY - SAN FRANCISCO

OPERATIONS OFFICE
PUBLIC READING ROOM

U.S. DEPT OF ENERGY-WIPP
ARLEN HUNT

U.S. DEPT OF LABOR

KELVIN K. WU

U.S. DEPT OF THE INTERIOR

F. L. DOYI.E
PAUL A. HSIEH

U.S. ENVIRONMENTAL PROTECTION AGENCY

JAMES NEIHEISEL

U,S. ENVIRONMENTAL PROTECTION AGENCY-
DENVER REGION VIII

PHIL NYBERG

U.S. GEOLOGICAL SURVEY

GEORGE A. DINWIDDIE
VIRGINIA M, GLANZMAN

Df RWIN KNOCHENMUS

GERHARD W, LEO

EDWIN ROEDDER

JACOB RUBIN

RAYK1OND D. WATTS

U,S. GEOLOGICAL SURVEY-COLUMBUS
A. M. LA SALA, Jk,

U.S. GEOI.OG ICAL SURVEY-DENVER

M. S. BEDINGER

JESS M, CLEVELAND

ROBERT j. HITE

FR) DERICK L. PAILLET

WILLIAAI WILSON

U.S. GEOLOGICAL SURVEY-JACKSON

GARALD G. PARKER, JR.

U.S, GEOLOGICAL SURVEY—MENI.O PARK

MICHAEL CLYNNE

U.S. GEOLOGICAL SURVEY—RESTON

I-MING CHOO
NEIL PLUMMER

EUGENE H. ROSEBOOM, JR.
DAVID B. STEWART

NEWELL I. TRASK, JR,

U.S. NUCLEAR REGULATORY COMMISSION

R. BOYLE

KIEN C. CHANG
EILEEN CHEN

F. ROBERT COOK
DOCKET CONTROL CENTER

GEOSCIENCES BRANCH

CLYDE IUPITER
PHILIP S. JUSTUS
WALTON R. KELLY

KYO KIM

H, E. LEFEVRE

WILLIAM D. LILLEY

JOHN C. MCKINLEY

EDWARD OCONNELL
SYLVIE L. OLNEY

JEROME R. PEARRING

JACOB PHILIP
DAVID M. ROHRER

FREDERICK W. ROSS
R. JOHN STARMER

JOHN TRAPP

TILAK R. VERMA

MICHAEL WEBER

U.S. SENATE

CARL LEVIN

UNION OF CONCERNED SCIENTISTS

MICHAEL FADEN

UNITED KINGDOM ATOMIC ENERGY

AUTHORITY

A. B. LIDIARD
UNITED KINGDOM DEPT OF THE

ENVIRONMENT

F. S. FEATES

UNIVERSITE DU QUEBEC EN ABITIBI-
TEMISCAMINGUE

AUBERTIN MICHEL
UNIVERSITY OF ALBERTA—CANADA

F. W. SCHWARTZ
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APPENDIX C

DOCUMENTATION FOR ISDOSE RADIOLOGICAL

ASSESSMENT SIMPLE CODE

References cited within this Appendix are included in Chapter 7,
References, ." the main report.
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UNIVERSITY OF ARIZONA

JAAK DAEMEN

STANLEY N. DAVIS

I. W. FARMER

KITTITEP FUENKAJORN

AMITAVA GHOSH
JAMES G. MCCRAY

ROY G. POST
UNIVERSITY OF BRITISH COLUMBIA - CANADA

R. ALLAN FREEZE

UNIVERSITY OF CAliFORNIA AT BERKELEY

TODD LAPORTE

UNIVERSITY OF CAliFORNIA AT lOS ANGElES

D. OKRENT

UNIVERSITY OF CALIFORNIA AT RIVERSIDE

LEWIS COHEN

UNIVERSITY OF DELAWARE

FRANK A. KULACKI

UNIVERSITY OF ILLINOIS AT URBANA-
CHAMPAIGN

ALBERT I. MACHIELS

MAGDI RAG HER

UNIVERSITY OF I.DWELL

JAMES R. SHEFF

UNIVERSITY OF MARYLAND

AMERICAN NUCLEAR SOCIETY
LUKE L Y. CHUANG

UNIVERSITY OF MASSACHUSETTS

GEORGE MCGILL
UNIVERSITY OF MISSOURI AT COLUMBIA

W. D. KELLER

UNIVERSITY OF MISSOURI AT KANSAS CITY

EDWIN D. GOEBEL

SYED E. HASAN

UNIVERSITY OF MISSOURI AT ROLLA

ALLEN W. HATHEWAY

ARVIND KUMAR

UNIVERSITY OF NEVADA AT REND
BECKY WEIMER.MCMILLION

UNIVERSITY OF NEW MEXICO
DOUGLAS G. BROOK INS
RODNEY C. EWING

UNIVERSITY OF NORTH CAROLINA
STEPHEN B. HARPER

UNIVERSITY OF PITTSBURGH
B. L. COHEN

UNIVERSITY OF RHODE ISLAND
EDWARD P. LAINE

UNIVERSITY OF ROCHESTER
DAVID ELMORE

UNIVERSITY OF SOUTHERN MISSISSIPPI
CHARLES R. BRENT

GEORGE F. HEPNER

DANIEL A. SUNDEEN
UNIVERSITY OF TEXAS AT AUSTIN

BUREAU OF ECONOMIC GEOLOGY

CAROLYN E. CONDON
MARTIN P. A. JACKSON
PRISCILLA P. NELSON

JOHN M. SHARP, JR.
UNIVERSITY OF TEXAS AT SAN ANTONIO

DONALD R. LEWIS

UNiVERSITY OF TOLEDO
DON STIERMAN

UNIVERSITY OF UTAH

THURE CERLING

STEVEN J. MANNING

MARRIOTT LIBRARY

JAMES A. PROCARIONE

GARY M. SANDQUIST
LEE STOKES

UNIVERSITY OF UTAH RESEARCH INSTITUTE

LIBRARY

DUNCAN FOLEY

HOWARD P. ROSS
UNIVERSITY OF WASHINGTON

DAVID BODANSKY

M. A. ROBKIN

UNIVERSITY OF WATERLOO

CHRIS FORDHAM

UNIVERSITY OF WISCONSIN
B. C. HAIMSON

UNIVERSITY OF WISCONSIN-MILWAUKEE
HOWARD PINCUS

UNIVERSITY OF WYOMING
PETER HUNTOON

URS/JOHN A. BLUME dr ASSOCIATES, ENGINEERS

ANDREW B. CUNNINGHAM

UTAH DEPT OF TRANSPORTATION

DAVID LLOYD

UTAH DIVISION OF ENVIRONMENTAL HEALTH

TONI K. I<ISTAU

UTAH DIVISION OF PARKS h RECREATION

GORDON W, TOPHAM

UTAH GEOLOGICAL AND MINEPAL SURVEY

MAGE YONETANI

UTAH SOUTHEASTERN DISTRICT HEALTH

DEPARTMENT

ROBERT L FURLOW
UTAH STATE GEOLOGIC TASK FORCE

DAVID D. TILLSON
UTAH STATE UNIVERSITY

DEPT OF GEOLOGY 07
VANDERBILT UNIVERSITY

FRANK I.'. PARKER

VERMONT HOUSE OF REPRESENTATIVES

RALPH G. WRIGHT
VERMONT STATE NUCLEAR ADVISORY PANEL

VIRGINIA CALlAN
VIRGINIA DEPT OF HEALTH

ROBERT G. WICKLINE

VIRGIN!A POWER COMPANY

B. H. WAKEMAN

WASHINGTON HOUSE OF REPRESENTATIVES

RAY ISAACSON

WASHINGTON STATE DEPT OF ECOlOGY
DAVID W. STEVENS

WASHINGTON STATE UNIVERSITY

NACHHATTER S. BRAR

WATTLAB

BOB E. WATT

WEST VALI.EY NUCI.EAR SERVICES COMPANY

INC

LARRY R. EISENSTATT

WESTERN MICHIGAN UNIVERSITY

ROBERT KAUFMAN

W. THOMAS STRAW

WESTERN STATE COLLEGE
FRED R, PECK

WESTINGHOUSE ELECTRIC CORP
GEORGF V. B, HALL

JAMES H. SALING

WIPP PROJECT
WEST/NGHOUSE IDAHO NUClEAR COMPANY

INC

NATHAN A, CHIPMAN

WESTON GEOPHYSICAL CORPORATION

JOHN P. IMSE

WII.LIAMS AND ASSOCIATES INC

GERRY WINTER

WILLIAMS BROTHERS ENGINEERING COMPANY

MICHAEL CONROY
WISCONSIN DEPT OF NATUPAL RESOURCES

DUYVAYNE F. GEBKEN

WISCONSIN DIVISION OF STATE ENERGY

ROBERT HALSTEAD

WISCONSIN STATE SENATE

JOSEPH STROHL

WISCONSIN WATER RESOURCES MANAGEMENT

SAI.LY J. KEFER

WITHERSPOON, AIKEN AND LANGLEY

RICHARD FORREST
WOODWARDCLYDE CONSULTANTS

TERRY A. GRANT

RANDALL L LENTELL

ASHOK PATWARDHAN

GARY ROBBINS
WESTERN REGION LIBRARY

YALE UNIVERSITY

G. R. HOLEMAN

BRIAN SKINNFR

YORK COLI.EGE OF PENNSYLVANIA

IERI LEE JONES
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